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INTRODUCTION. 


Buxce the appearance of this book in its original form, 
some peventeen years since, the construction of Railways 
has continued to make extraordinary progress. Although 
Great Britain, first in the field, had then, after about 
twenty-five years’ work, expended nearly 3800 millions 
sterling in the construction of 8800 miles of railway, it 
has, during the last seventeen yeara, expended about 288 
millions more in constructing 7780 additional miles. 

But the construction of railways has proceeded with 
oqual rapidity on the Continent. France, Germany, Spain, 
Sweden, Belgium, Switzerland, Holland, have largely 
added to their railway mileage. Austria is actively en- 
gaged in carrying new lines across the plains of Hungary, 
which Turkey is preparing to meet by lines carried up 
the valley of the Lower Danube. Russia is also occupied 
with extensive schemes for connecting Petersburg and 
Moscow with her ports in the Black Sea on the one hand, 
and with the frontier towns of her Asiatic empire on the 
other, 

Italy is employing her new-born liberty in vigorously 
extending railways throughout her dominions. A direct 
Une of communication Has already been opened betwoen 
Fraace and Italy, through the Mont Cenis Tunnel; while 
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another has been opened between Germany and Italy 
through the Brenner Pass,—so that the entire journey, 
may now be made by two different railway routes (ex-~ 
cepting only the short sea-passage across the English 
Channel) from London to Brindisi, situated in the south- 
eastern extremity of the Italian peninsula. 

During the last sixteen years, nearly the whole of the 
Indian railways have been made, When Edmund Burke, 
iu 1783, arraigned the British Government for their 
noglect of India in his speech on Mr. Fox’s Bill, he said: 
“England has built no bridges, made no high roads, cat 
no navigations, dug out no reservoirs... .. Were we to 
be driven out of India this day, nothing would remain 
to tell that it had been possessed, during the inglorious 
yeriod of our dominion, by anything better than the 
ourang-outang or the tiger.” 

But that reproach no longer exists. Some of the greatest 
bridges erected in modern times—such as those Sver the 
Sone near Patna, and over the Jumna at Allahabad—have 
leon erected in connection with the Indian railways. More 
than 5000 miles are now at work, and they have been con- 
structed at an expenditure of about 88,000,0007. of British 
capital, guaranteed by the British Government. The 
Indian railways connect the capitals of the three Presi- 
dencies—aniting Bombay with Madras on the south, and 
with Caloutta on the north-east—while a great main line, 
2200 miles in extent, passing through the north western 
provinces, and connecting Calcutta with Lucknow, Delhi, 
Lahore, Moultan, and Kurrachee, unites the mouths of the 
Hooghly in the Bay of Bengal with those of the Indus 
in the Arabian Sea. 
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When the first edition of this work appeared, in tha 
beginning of 1857, the Canadian system of railways was 
but in its infancy. The Grand Trunk was only begun, 
and the Victoria Bridge—the greatest of all railway 
stroctures—was not half erected. The Colony of Canada 
has now more than 3000 miles in active operation alony 
the great valley of the St. Lawrence, connecting Rividre 
du Loup at the mouth of that river, and the harbour of 
Portland in the State of Maine, vi4 Montreal and Toronto, 
with Sarnia on Lake Huron, and with Windsor, oppu- 
nite Detroit in the State of Michigan. During the samc 
time the Australian Colonies have boen actively engaged 
in providing themselves with railways, many of which 
are at work, and others are in course of formation. The 
Cape of Good Hope has several lines open, and others 
making. France has constructed about 400 miles in 
Algeria; while the Pasha of Egypt is the proprietor of 
360 miles in operation across the Egyptian desert, Tho 
Japanese are also making railroads. 

But in no country has railway construction beon prore- 
sated with greater vigour than in the United States. 
There the railway fornishes not only the means of inter- 
communication between already established settlement», 
ag in the Old World; but it is regarded aa the pioneer of 
colonization, and as instrumental in opening up new and 
fertile territories of vast extent in the west,—the foml- 
grounds of future nations. Hence railway construction in 
that country was scarcely interrupted even by the great 
Civjl War,—at the commencement of which Mr. Seward 
publicly expressed the opinion that “physical bonds— 
such as highways, railroads, rivers, and canals—-are vastly 
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more powerful for holding civil communities together 
than any mere covenants, though written on parchment or 
engraved on iron.” 

The people of the United States were the firet to fullow 
the example of England, after the practicability of steam 
locomotion had been proved on the Stockton and Darling- 
ton, and Liverpool and Manchester Railways. The first 
sod of the Baltimore and Ohio Railway was cut on the 4th 
of July, 1828, and the line was completed and opened for 
traffic in the following year, when it was worked partly 
by horse-power, and partly by a locomotive built at 
Baltimore, which is stili preserved in the Company’s 
workshops. In 1830, the Hudson and Mohawk Railway 
‘was begun, while other lines wore under construction in 
Pennsylvania, Massachusetts, and New Jersey; and in the 
course of ten years, 1843 miles were finished and in opera- 
tion. In ten more years, 8827 miles were at work ; at the 
end of 1864, 35,000 miles; and at the 31st of De’ember, 
1878, not less than 70,651 miles were in operation, of 
which 3916 had been made during that year. Ono of the 
most extensive trunk-lines is the Great Pacific Railioad, 
connecting the lines in the valleys of the Mississippi and 
the Missouri with the city of San Francisco on the shores 
of the Pacific, by means of which it is possible to make the 
journey from England to Hong Kong, vid New York, in 
little more than a month. 


The results of the working of railways have been in 
many respects different from those anticipated by their 
projectors. One of the most unexpected has been the 
growth of an immense passenger-traffic. The Stockton 
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and Darlington line was projected as a ooal line only, anc 
the Liverpool and Manchester as a merchan@iseline, Pas- 

* sengers were not taken into account as a source of revenne , 
for at the time of their projection, it was not believed that 
people would trust themselves to be drawn upon a rail- 
way by an “explosive machine,” as the locomotive was de- 
scribed to be. Indeed, a writer of eminence declared that he 
would as soon think of being fired off on a ricochet rocket, 
as travel on a railway at twice the speed of the old stago- 
ovaches. So great was the alarm which existed as to the 
Jocomotive, that the Liverpool and Manchester Committee 
pledged themselves in their second prospectus, issued in 
1825, “not to require any clause empowering ita use ;” 
and as late as 1829, the Newoastle and Carlisle Act was 
conceded on the express condition that the line should 
not be worked by locomotives, but by horses only, 

Nevertheless, the Liverpool and Manchester Company 
obtaintd powers to make and work their railway without 
any such restriction; and when the line was made and 
opened, a locomotive passenger-train was advertised to be 
run upon it, by way of experiment. Greatly to the sur- 
prise of the directors, more passengers presented them- 
selves as travellers by the train than conld conveniently 
be carried. 

The first arrangements as to passenger-traffic were of 
& very primitive character, being mainly copied from tho 
old stage-coach system. The passengers were “‘ booked” 
at the railway office, and their names were entered in o 
way-bill which was given to the guard when the train 
started. Though the usual stagecoach bugleman could 
not conveniently accompany the passengers, the trains 
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were at first played out of the terminal stations by a lively 
tune performed by a trumpeter at the end of the platform ; 
and this continued to be done at the Manchester Station’ 
until a comparatively recent date. 

But the number of passengers carried by the Liverpool 
and Manchester Jine was so unexpectedly great, that it 
‘was very soon found necessary to remodel the entire sys- 
tem. Tickets were introduced, by which a great saving 
of time was effected. More roomy and commodious car- 
Yiages were provided, the original first-class compartments 
being seated for four passengers only. Everything was 
found to have been in the first instance made too light 
and too slight. The prize ‘ Rocket,’ which weighed only 
44 tons when loaded with its coke and water, was found 
quite unsuited for drawing the increasingly heavy loads of 
passengers. There was also this essential differonce be- 
tween the old stage-coach end the new railway train, that, 
whereas the former was “full ” with six inside and ten 
outside, the latter must be able to accommodate whatever 
number of passengers came to be carried. Hence heavier 
and more powerful engines, and larger and more substan- 
tial carriages wore from time to time added to the carrying 
atock of the railway. 

The speed of the trains was also increased, ‘The first 
locomotives used in hauling coal-trains ren at from four 
to six miles an hour. On the Stockton and Darlington 
line the speed was increased to about ten miles an hour; 
and on the Liverpool and Manchester line the first pas- 
senger-trains were run at the average speed of seventeen 
yoiles an hour, which at that time waa considered very 
fast. But this was not enough When the London and 
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thrmingham line was opened, the mail-trains were run 
at twenty-three miles an hour; and gradually the speed 
‘went up, until now the fast trains are run at from fifty to 
sixty miles an hour,—the pistons in the cylinders, at sixty 
miles, travelling at the inconceivable rapidity of 800 feet 
per minute! 

To bear the load of heavy engines run at high spesda, 
a much stronger and heavier road was found necessary ; 
and shortly after the opening of the Liverpool and Man- 
chester line, it was entirely relaid with stronger materials. 
Now that express paseenger-engines are from thirty to 
thirty-five tons each, the weight of the rails has been 
inoreased from 35 Ibs. to 751bs. or 861bs, to the yard. 
Stone blocks have given place to wooden sleepers; raila 
with loose ends resting on the chairs, to rails with their 
ends firmly “ fished” together ; and in many places, where 
the traffic is unusually heavy, iron rails have been replaced 
by thode of steel. 

And now see the enormous magnitude to which railway 
passenger-traffic has grown. In the year 1878, 401,465,086 
passengers were carried by day tickets in Great Britain 
alone. But this was not all. For in that year 257,470 
periodical tickets were issued by the different railways; 
and assuming half of them to be annual, one-fourth half- 
yearly, and the remainder quarterly tickets, and that their 
holders made only five journeys each way weekly, this 
would give an additional number of 47,024,000 journeys, 
or a total of 448,489,086 passengers carried in Great 
Britain in one year. 

Tt is difficult to grasp the idea of the enormous number 
of persons represented by these figures. The mind is 
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merely bewildered by them, and can form no edequata 
notion of their magnitude. To reckon them singly would 
ocoupy twenty-five years, counting at the rate of one a 
second for twelve hours every day. Or take another 
illustration. Supposing every man, woman, and child in 
Great Britain to make ten journeys by rail yearly, 
the number would greatly fall short of the passengers 
carried in 1873. 

Mr. Porter, in his ‘Progress of the Nation,’ estimated 
that thirty millions of passengers, or about eighty-two 
thousand a day, travelled by coaches in Great Britain in 
1884, an average distance of twelve miles each, at an 
average cost of 5, a passenger, or at the rate of bd. a mile; 
whereas above 448 millions are now carried by railway 
an average distance of 8} miles each, at an average cost of 
1s. 1d. per passenger, or about three halfpence per mile, 
in considerably leas than one-fourth of the time. 

But besides the above number of passengers, Over one 
hundred and sixty-two million tons of minerals and mer- 
chandise were carried by railway in the United Kingdom 
in 1878, besides mails, cattle, parcels, and other traffic. 
The distanoe run by passenger and goods trains in the 
year was 162,561,804 miles; to accomplish which it ia 
estimated that four miles of railway must have been 
covered by ranning trains during every second all the 
year round. 

To perform this service, there were, in 18735 11,255 
locomotives at work in the United Kingdom, consuming 
about four million tona of coal and coke, and flashing into 
the air every minute some forty tons of water in the form 
of steam in high state of elasticity. There wero also 
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24,644 passenger-carriages, 9128 vans ani breaks attached 
to passenger-traing, and $29,163 trucks, waggons, and 
“other vehicles appropriated to merchandise. Buckled 
together, buffer to buffer, the locomotives and tenders 
would extend from London to Peterborough; while the 
carrying vehicles, joined together, would form two trains 
occupying a double line of railway extending from London 
to beyond Inverness. 

A notable feature in the growth of railway traffic of 
late years has been the increase in the number of third- 
class passengers, compared with first and second clase. 
Sixteen years since, the third-class passengers constituted 
only about one-third; ten years later, they were about 
one-half; whereas now they form more than three-fourths 
of the whole number carried. In 1873, there were about 
28 million first-class passengers, 62 million second-class, 
end not less than 306 million third-class. Thus George 
Stephehson’s prediction, “that the time would come 
when it would be cheaper for » working man to make 
journey by railway than to walk on foot,” is already 
verified, 

The degree of safety with which this great traffic has 
‘been conducted is not the least remarkable of its features. 
Of course, co long as railways are worked by men they 
will be liable to the imperféstions belonging to all 
things human. Though their machinery may be perfect 
and their organisation as complete as skill and fore- 
thought can make it, workmen will at times be forget- 
fal and listless; and a moment's careleasness may lead 
to the most disastrous resulta, Yet, taking all cironm- 
stances into account, the wonder is, that travelling by 


railway at high speed should have been rendered oom. 
paratively so safe. 

To be struck by lightning is one of the rarest of all 
causes of death; yet more persons are killed by light- 
ning in Great Britain than are killed on railways from 
causes beyond their own control. Most persons would 
consider the probability of their dying by hanging to be 
extremely remote; yet, according to the Registrar-Gene- 
zal’s returns, it is considerably greater than that of being 
killed by railway accident. 

The remarkable safety with which railway traffic is on 
the whole conducted, is due to constant watchfnlness and 
highly-applied skill The men who work the railways 
are for the most part the picked men of the country, and 
every railway station may be regarded as a practical 
school of industry, attention, and punctuality, 

Few are aware of the complicated means and agencies 
that are in constant operation on railways day and night, 
to ensure the safety of the passengers to their journey’s 
end. The road is under e system of continuous inspection. 
The railway ia watched by foremen, with “ gangs” of men 
under them, in lengths varying from twelve to five miles, 
according to circumstances. Their continuous duty is to 
ee that the rails and chairs are sound, their fastenings 
complete, and the line clear of all obstructions. 

Then, at all the junctions, sidings, and crossings, 
pointamen are stationed, with definite instructions as to 
the duties to be performed by them, At these places, 
signals are provided, worked from the station platforms, 
or from special signal boxes, for the purpose of protecting 
the stopping or passing trains. When the first railwaya 
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were opened, the signals were of a very simple kind. 
he atation men gave them with their arms stretched out 
in different positions; then flags of different colours were 
used; next fixed signals, with arms or discs of rectangular 
or triangular shape. These were followed by a complete 
system of semaphore signals, near and distant, protecting 
all junctions, sidings, and crossings. 

When Government inspectors were first appointed by 
the Board of Trade to examine and report upon the work- 
ing of railways, they were alarmed by the number of 
trains following each other at some stations, in what then 
seemed to be a very rapid succession. A passage from a 
Report written in 1840 by Sir Frederick Smith, as to the 
traffic at “‘ Taylor’s Junction,” on the York and North 
Midland Railway, contrasts curiously with the railway 
life and activity of the present day :—“ Hero,” wrote the 
alarmed Inspector, ‘the passenger trains from York as 
well as’ Leeds and Selby, meet four times a day. No less 
than 23 passenger-trains stop at or pass this station in 
the 24 hours—an amount of traffic requiring not only tho 
most perfect arrangements on the part of the manage- 
ment, but the utmost vigilance and energy in the servants 
of the Company employed at this place.” 

Contrast thia with the state of things now. On the 
Metropolitan Line, 667 trains pass s given point in one 
direction or the other during the eighteen hours of the 
working day, or an average of 36 trains an hour. At 
the Cannon Street Station of the South-Eastern Railway, 
527 trains peas in and out daily, many of them crossing 
each other's tracks under the protection of the station- 
eignals, Forty-five trains run in and out between 9 and 
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10 am., and an equal number between 4 and 5 3H 
Again, at the Clapham Junction, near London, about 
700 trains pasa or stop dady ; and though to the casual 
obwerver the succession of trains coming and going, run- 
ning and stopping, coupling and shunting, appears a scene 
of inextricable confusion and danger, the whole is clearly 
intelligible to the signalmen in their boxes, who work the 
trains in and out with extraordinary precision and regu- 
larity. 

The inside of a signal-box reminds one of a pianoforte 
on a large acale, the lever-handles corresponding with the 
keys of the instrument; and, to an uninstructed person, 
to work the one would be as difficult as to play a tune on 
the other. Tho signal-box outside Cannon Street Station 
contains 67 lever-handles, by means of which the signal- 
men are enabled at the same moment to communicate with 
the drivers of all the engines on the line within an area of 
800 yards, They direct by signs, which are quite as in- 
intelligible as words, the drivers of the trains starting 
from inside the station, as well as those of the trains 
arriving from outside, By pulling o lever-hardle, o dis- 
tant signal, perhaps out of sight, is set some hundred 
yards off, which the approaching driver—reading it 
quickly as he comes along—et once interprets, and stop» 
or advances as the signal may direct. 

The precision and accuracy of the signal-machinery 
employed at important stations and junctions have of late 
years been much improved by an ingenious contrivanoa, 
by means of which the setting of the signal prepares the 
road for the coming train, When the signal is set at 
“Danger,” the points are at the same time worked, and 
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«uo road is “Jooked” against it; and when at “ Safety,” 
the road ia open,—the signal and the points exactly cor- 
fesponding. 

The Hlectric Telegraph has also been found a valuable 
suxiliary in ensuring the safe working of large railway 
traffic, Though the locomotive may run at 60 miles an 
hour, electricity, when at its fastest, travels at the rate of 
288,000 miles # second, and is therefore always able to 
herald the coming train. The electrio telegraph may, 
indeed, be regarded as the nervous system of the railway. 
By its means the whole line is kept throbbing with intel- 
ligence. The method of working the electric signals 
varies on different lines; but the usual practice is, to 
divide a line into so many lengths, each protected by 
its signal-stations,—the fundamental law of telegraph- 
working being, that two engines are not to be allowed to 
tan on the same line between two signal-stations at the 
same time. 

When a train passes one of such stations, it is imme- 
diately signalled on—usually by electric signal-bella— 
to the station in advance, and that interval of railway is 
“blocked” until the signal has been received from the 
station in advance that the train has passed it. Thus 
Gn interval of space is always secured between trains fol- 
lowing each other, which are thereby alike protected before 
and behind, And thus, when a train starts on 2 journey, 
it may pe of hundreds of miles, it is signalled on from 
station to station—it “lives along the line,”—until at 
length it reaches ‘ita destination and the last signal of 
“drain in” is given. By this means an immeme number 
of trains can be worked with regularity and safety. On 
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the South-Eastern Railway, where the system has been 
brought to a state of high efficiency, it is no unusual thing 
during Haster week to send 600,000 passengers through 
the London Bridge Station alone; and on some days as 
many as 1200 trains a-day. 

While such are the expedienta adopted to ensure safety, 
others equally ingenious are adopted to ensure speed. In 
the case of express and mail trains, the frequent stopping 
of the engines to take in a fresh supply of water occasions, 
4 considerable loss of time on a long journey, each stoppage 
for this purpose occupying from ten to fifteen minutes. 
To avoid such stoppages, larger tenders have been provided, 
capable of carrying as much as 2000 gallons of water each, 
But as @ considerable time is occupied in filling these, a 
plan has been contrived by Mr. Ramsbottom, the Loco- 
motive Engineer of the London and North-Western Rail- 
way, by which the engines are made to feed themselves 
while running at full speed! The plan is as fohows:— 
An open trough, about 440 feet long, is laid longitudinally 
between the rails. Into this trough, which is filled with 
water, a dip-pipe or scoop attached to the bottom of the 
tender of the running train is lowered ; and, at a speed of 
50 miles an hour, as much as 1070 gallons of water are 
scooped up in the course of a few minntes. The first of 
such troughs was laid down between Chester and Holy- 
head, to enable the Express Mail to run the distance of 
843 miles in two hours and five minutes without stopping ; 
and similar troughs have since been laid down at Bushey 
near London, at Castlethorpe near Wolverton, and at Park- 
side near Liverpool. At these four troughs about 130,000 
‘gallons of water are scooped up daily. 
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Wooerever railways have been made, new towns have 
sprung up, and old towns and cities been quickened into 
rfew life. When the first English lines were projected, 
great were the prophecies of disaster to the inhabitants ot 
the districts through which they were proposed to be 
forced. Such feara have long sinoe been dispelled in this 
country. The same prejudices existed in France, When 
the railway from Paris to Marseiliea was laid out so as te 
pass through Lyons, local prophet predicted that if the 
line were made the city would be ruined—“ Ville traveraée, 
ville perdue ;” while a local priest denounced the locomotive 
and the electric telegraph as heralding the reign of Anti- 
ohrist, But such nonsense is no longer uttered. Now it 
is the city without the railway that is regarded as the 
“ city lost ;” for it is in a measure shut out from the rest 
of the world, and left outside the pale of civilisation. 

Perhaps the most striking of all the illustrations that 
could be effered of the extent to which railways facilitate 
the locomotion, the industry, and the subsistence of the 
population of large towns and cities, is afforded by the 
working of the railway system in connection with the 
capital of Great Britain. 

The extension of railwsya to London haa been of oom- 
paratively xecent date; the whole of the lines connecting 
it with the provinces and terminating at its ontakirts, 
having been opened during the last thirty years, while the 
linea inside London have for the most part been opened 
within the last sixteen years. 

The first London line was the Greenwich Railway, part 
of which was opened for traffic to Deptford in February 
1836. The working of this railway wes first exhibited as 
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a show, and the usual attractions were employed to make 
it “draw.” A band of musicians in the garb of the Beef- 
eaters was stationed at the London end, and another band 
at Deptford. For cheapness’ sake the Deptford band was 
shortly superseded by @ large berrel-organ, which played 
in the passengers ; but when the traffic became established, 
the barrel-organ, as well as the beef-cater band at the 
London end, were both discontinued. The whole length 
of the line was lit up at night by a row of lamps on either 
side like a street, as if to enable the locomotives or the 
passengers to see their way in the dark; but these lamps 
also were eventually discontinued as unnecessary. 

As a show, the Greenwich Railway proved tolerably 
snccessful, During the first eleven months it carried 
456,750 passengers, or an average of about 1300 a-day. 
Bat the railway having been found more convenient to 
the public than either the river boats or the omnibuses, 
the number of passengers rapidly increased. When tho 
Croydon, Brighton, and South-Eastern Railways began to 
pour their streams of traffic over the Greenwich viaduct, 
its accommodation was found much too limited; and it 
was widened from time to time, until now nine lines of 
railway are laid side by side, over which more than twenty 
millions of passengers are carried yearly, or an average of 
about 60,000 a day all the year round. 

Since the partial opening of the Greenwich Railway in 
1836, a large extent of railways has been conatracted in 
and about the metropolis, and convenient stations have 
‘been established almost in the heart of the City. Sixteen. 
of these stations are within a circle of half a mile radius 
from the Mansion House, and above three hundred stations 


ENTRODUCTION. xix 
e 


aro in avtual use within about five miles of Charing 
Cross. 

* {o> accommodate this vast traffic, not fewer than 3600 
Jocal trains are run in and ont daily, besides 340 trains 
which depart to and arrive from distant places, north, 
south, east, and west. In the morning houra, between 
8,30 and 10.30, when business men are proceeding inwards 
to their offices and counting-houses, and in the afternoon 
between four and six, when they are returning outwards 
to their homes, as many as two thousand stoppages are 
made in the hour, within the metropolitan district, for 
the purpose of taking up and setting down passengera, 
while about two miles of railway are covered by the 
running trains. 

One of the remarkable effects of railways haa been to 
extend the residential area of all large towns and cities. 
This is especially notable in the case of London. Before 
the introluction of railways, the residential area of the 
metropolis was limited by the time ocoupied by business 
men in making the journey outwards and inwards daily ; 
and it was for the most part bounded by Bow on the east, 
by Tampstead and Highgate on the north, by Paddington 
and Kensington on the west, and by Clapham and Brixton 
’ on thesouth. But now that stations have been established 
near the centre of the city, and places so distant as 
Waltham, Barnet, Watford, Hanwell, Richmond, Epsom, 
Croydon, Reigate, and Erith, can be more quickly reached 
by rail than the old suburban quarters were by omnibus, 
the metropolis has become extended in all directions along 
ita railway lines, and the population of London, instead of 
liviag in the City or its immediate vicinity, aa formerly, 
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have come to oocupy a residential area of not less than six 
hundred square miles! 

The number of new towns which have consequently 
sprung into existence near London within the last twenty 
years has been very great; towns numbering from ten to 
twenty thousand inhabitants, which before were but vil- 
lagee,—if, indood, they existed. This has especially been 
the case along the lines south of the Thames, principally 
in consequence of the termini of those lines being more 
conveniently situated for city men of business. Henoe 
the rapid growth of the suburban towns up and down 
the river, from Richmond and Staines on tho west, to Erith 
and Gravesend on the east, and the hives of population 
which have settled on the high grounds south of the 
Thames, in the neighbourhood of Norwood and the Crystal 
Palace, rapidly spreading over the Surrey Downs, from 
Wimbledon to Guildford, and from Bromley to Croydon, 
Epsom, and Dorking. And now that the towhs on the 
south and south-cast ooast can be reached by city men in 
little more time than it takes to travel to Clapham or 
Bayswater by omnibus, such places have become aa it were 
parts of the great metropolis, and Brighton and Hastings 
are but the marine suburbs of London. 

The improved state of the communications of the City 
with the country has had a marked effect upon ita popu- 
lation. While the action of the railways has been to add 
largely to the number of persons living in London, it has 
also been accompanied by their dispersion over s much 
larger area. Thus the population of the central parts of 
London is constantly decreasing, whereas that of the 
suburban districts is sa constantly increasing. The popu 
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lation of the City fell off more than 10,000 between 1851 
and 1861; and during the same period, that of Holborn, 
the Strand, St. Martin’sin-the-Fields, St. James's, West- 
minster, East and West London, showed a considerable 
decrease, But, as regards the whole masse of the metro- 
politan population, the increase has been enormons. Thus, 
starting from 1801, when the population of London waa 
958,868, we find it increasing in each decennial period at 
the rate of between two and three hundred thousand, until 
the year 1841, when it amounted to 1,948,369. Railways 
bad by that time reached London, after which ita popula- 
tion increased at nearly double the former ratio. In the 
ten years ending 1851, the increase was 513,867; and in 
the ten years ending 1861, 441,753; until now, to quote 
the words of the Registrar-General in a recent annual 
Report, “ the population within the registration limita is 
by estimate 2,993,518 ; but beyond this central mass there 
ia a ring of life growing rapidly, and extending along 
railway lines over « circle of fifteen miles from Charing 
Crosa. The population within that circle, patrolled by the 
metropolitan police, is about 8,463,771"! 

‘The aggregation of ao vast a number of persons within 
so comparatively limited an area—the immense quantity 
of food reqnired for their daily sustenance, aa well as of 
fuel, clothing, and other necessaries—would be attended 
with no small inconvenience and danger, but for the 
ofa garrison of even four thousand men is considered a 
formidable affair; how much more eo the provisioning of 
nearly four millions of people! 

‘The whole mystery is explained by the admirable 
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organisation of the railway service, and the regularity an’ 
despatch with which it is conducted. We are enabled 
by the courtesy of the General Managers of the London 
railways to bring together the following brief summary of 
facts relating te the food supply of London, which will 
probably be regarded by most readers as of a very remark- 
able character. 

Generally speaking, the railways to the south of the 
Thames contribute comparatively little towards the feed- 
ing of London. They are, for the most part passenger and 
residential lines, traversing a limited and not very fertile 
district bounded by the sea-coast ; and, excepting in fruit 
and vegetablea, milk and hops, they probably carry more 
food from London than they bring to it. The principal 
supplies of grain, flour, potatoes, and fish, are brought by 
railway from the eastern counties of England and Soot- 
land ; and of cattle and sheep, beef and mutton, from the 
grazing counties of the west and north-west of Britain, as 
far as the Highlands of Sootland, which have, through the 
instrumentality of railways, become part of the great 
grazing grounds of the metropolis. 

Take first “the staff of life”—bread and its constituents. 
Of whest, not less than 222,080 quarters were brought into 
London by railway in 1867, besides what was brought by 
sea ; of oats 151,757 quarters; of barley 70,282 quarters; 
of beans and peas 51,448 quarters, Of tho wheat and 
barley, by far the largest proportion iz brought by the 
Great Eastern Railway, which delivers in London in one 
year 155,000 quarters of wheat and 45,500 quarters of 
barley, besides 600,429 quarters more in the form of malt. 
The lergest quantity of oats ig broyght by the Groat 
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Northern Railway, principally from the north of England 
end the East of Scotland,—the quantity delivered by that 
Company in 1867 having been 97,500 quarters, beaides 
24,664 quarters of wheat, 5560 quarters of barley, and 
108,917 quarters of malt, Again, of 1,250,566 sacks of 
flour and meal delivered in London in one year, the 
Great Eastern brings 654,000 sacks, the Great Northern 
282,022 sacks, and the Great Western 136,812 sacks; 
the principal contribution of the London and North- 
‘Western Railway towards the London bread-stores being 
100,760 boxes of American flour, besides 24,500 sacks 
of English. The total quantity of malt delivered at the 
London railway stations in 1867 was thirteen hundred 
thousand sacks. 

Next, as to flesh meat. In 1867, not fewer than 172,300 
head of cattle were brought to London by railway,— 
though this was considerably less than the number carried 
before the cattle-plague, the Great Eastern Railway alone 
having carried 44,672 leas than in 1864. But this loss 
tas aince been more than made up by the increased quan- 
tities of fresh beef, mutton, and other kinds of meat im- 
ported in lien of the live animals. The principal supplies 
of cattle are brought, as we have said, by the Western, 
Northern, and Eastern lines: by the Great Western from 
the western counties and Ireland; by the London and 
North-Western, the Midland, and the Great Northern 
from thp northern eounties and from Scotland ; and by the 
Great Eastern from the eastern counties and from the 
ports of Harwich and Lowestoft. 

In 1867, alao, 1,147,609 sheep were brought to London 
by railway, of which the Great Eastern delivered not lew 
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than 265,871 head. The London and North-Western and 
Great Northorn between them brought 890,000 head from 
the northern English counties, with a large proportion frou! 
the Scotch Highlands. While the Great Western brongh* 
‘up 180,000 head from the Welsh mountains and from the 
rich grazing districts of Wilts, Gloucester, Somerset, and 
Devon. Another important freight of the London and 
North-Western Railway consists of pigs, of which they 
delivered 54,700 in London, principally Irish; while the 
Great Eastern brought up 27,500 of the same animal, 
partly foreign. 

While the cattle-plagne had the effect of greatly re- 
ducing the number of live stock brought into London 
yearly, it gave a considerable impetus to the Freeh 
Meat traffic, Thus, in addition to the above large num- 
bers of cattle and shesp delivered in London in 1867, the 
railways brought 76,175 tons of meat, which—taking, 
the meat of an average beast at 800 Ibe., and of an®verage 
sheep at 64 lba—would be equivalent to about 112,000 
more cattle, and 1,267,500 more sheep. The Great 
Northern brought the largest quantity; next the London 
and North-Western ;—these two Companies having brought 
up between them, from distances as remote as Aberdeen 
and Inverness, about 42,000 tons of freah meat in 1867, at 
an average freight of about 3d. a Ib. 

Again as regards Fish, of which six-tenths of the whole 
yuantity consumed in London is now brought py rail, 
‘The Great Eastern and the Great Northern are by far the 
largest importers of this article, and justify their claim to 
be regarded as the great food lines of London. Of the 
62 858 tona of fish brought by railway in 1867, not lear 
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than 24,500 tons were delivered by the former, and 
22,000 tons, brought from much longer distances, by the 
Intter Company. The London and North-Western brought 
about 6000 tons, the principal part of which was salmon 
from Sootland and Ireland. The Gregt Western also 
brought about 4000 tons, partly salmon, but the greater 
part mackerel from the south-west coast. During the 
mackerel season, as much as a hundred tons at a time are 
brought into the Paddington Station by express fish-train 
from Cornwall. 

The Great Eastern and Great Northern Companies are 
also the principal carriers of turkeys, geese, fowls, and 
game; the quantity delivered in London by the former 
Company having been 5042 tons, In Christmas week no 
fewer than 30,000 turkeys and geese were delivered at the 
Bishopagate Station, besides about 300 tons of poultry, 
10,000 barrela of beer, and immense quantities of fish, 
oysters, and other kinds of food. As much ea 1600 tons of 
poultry and game were brought last year by the South- 
Western Railway; 600 tons by the Great Northern 
Railway ; and 180 tens of turkeys, geese, and fowls, by 
the London, Chatham and Dover line, principally from 
France. 

Of miscellaneous articles, the Great Northern and the 
Midland each brought about 3000 tona of cheese, the 
South-Western 2600 tons, and the London and North- 
Western ,10,034 cheeses in number; while the South- 
Western and Brighton lines brought # splendid contribu- 
tion to the London breakfast-table in the shape of 11,259 
tons of French eggs; these two Companies delivering 
between them an average of more than three millions of 
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eggs a week all the year round! The same Companivs 
delivered in London 14,819 tons of butter, for the most 
part the produce of the farms of Normandy,—the greater 
cleanness and neatness with which the Normandy butter 
is prepared for market rendering it a favourite both with 
dealers and consumers of late years compared with Irish 
butter. The London, Chatham and Dover Company also 
brought from Calais 96 tons of eggs. 

Next, as to the potatoes, vegetables, and fruit, brought 
by rail. Forty years since, the inhabitants of London 
relied for their supply of vegetables on the garden-grounds 
in the immediate neighbourhood of the metropolis, and 
the consequence was that they were both very dear and 
limited in quantity. But railways, while they have ex- 
tended the grazing-grounds of London as far as the High- 
lands, have at the same time extended the garden-grounda 
of London into all the adjoining oounties—into East Kent, 
Eaex, Suffolk, and Norfolk, the vale of Gloucester, and 
even as far as Penzance in Cornwall. The London, 
Chatham and Dover, one of the youngest of our main 
lines, brought up from East Kent in 1867 5279 tons of 
potatoes, 1046 tons of vegetables, and 5386 tons of fruit, 
besides 542 tons of vegetables from France. The South- 
Eastern brought 25,163 tons of the ame produce, The 
Great Eastern brought from the eastern counties 21,315 
tons of potatoes, and 8596 tons of vegetables and fruit; 
while the Great Northern brought no less than 78,505 tons 
of potatoes—a large part of them from the east of Scotland 
—and 3768 tons of vegetables and frnit. About 6000 
tons of early potatoes were brought from Cornwall, with 
about 5000 tons of brocoli, and the quantities are steadily 
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increasing. “Truly London hath a large belly,” said old 
Faller, two hundred years sincs, But how much more 
“capacious is it now! 

Ono of the most striking illustrations of the utility of 
railways in contributing to the supply of wholesome 
articles of food to the population of large cities, is to be 
found in the rapid growth of the traffic in Milk. Beaders 
of newspapers may remember the descriptions published 
some years since of the horrid dens in which London cows 
were panned, and of the odious compound sold by the 
name of milk, of which the least deleterious ingredient in 
it was supplied by the “oow with the iron tail.” That 
state of affairs is now completely changed. What with 
the greatly improved state of the London dairies and the 
better quality of the milk supplied by them, together with 
the large quantities brought by railway from « range of 
a hundred miles and more all round London, even the 
pooresteclasses in the metropolis are now enabled to obtain 
aa wholesome a supply of the article as the inhabitants of 
most country towns. 

These great streama of food, which we have thus so 
summarily described, flow into London so continuously 
and uninterruptedly, that comparatively few persons are 
aware of the magnitude and importance of the process 
thns daily going forward. Though gathered from an 
immense extent of country—embracing England, Sootland, 
Wales, gnd Ireland—the influx is so unintermitted that it 
is relied upon with as much certainty as if it only came 
from the counties immediately adjoining London. The 
express meat-train from Aberdeen arrives in town as 
panctually as the Clapham omnibus, and the express milk- 
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train from Aylesbury is as regular in its delivery as the 
penny post, Indeed London now depends so much upon 
railways for its subsistence, that it may be said to be fed” 
by them from day to day, having never more than a few 
days’ food in stock. And the supply is so regular and 
continuous, that the possibility of ita being interrupted 
never for a moment ocoura to any one. Yet in'these days 
of strikes amongst workmen, such a contingency ia quite 
within the limits of possibility. Another contingency, 
which might arise during a state of war, ia probably still 
more remote. But were it possible for a war to ocour be- 
tween England and a combination of foreign powers pos- 
weesed of stronger ironclads than ours, and that they were 
able to ram our ships back into port and land an enemy 
of overpowering force on the Essex coast, it would be sufii- 
cient for them to occupy or ont the railways leading from 
he north, to stare Eecoslon, into ealualesioa 4a Joes thane 
fortnight. 

Besides supplying London with food, railways have 
also been instrumental in ensuring the more regular and 
economical supply of fuel,—a matter of almost as vital 
importance to the population in a climate such as that of 
England. 80 long as the market was supplied with coal 
brought by sca in sailing ships, fuel in winter’ often rove 
to a famine price, especially during long-continued easterly 
winds. But now that railways are in full work, the price 
is almost as steady in winter es in summer, and (but for 
strikes) the supply is more regular at all seasons. 

But the carriage of food and fnel to London forms but a 
small part of the morchandise traffic carried by railway. 
Above 600,000 tons of goods of various kinda yearly pass 
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through one station only, that of the London and North- 
Western Company, at Camden Town; and sqmetimes as 
“many as 20,000 parcels daily. Every other metropolitan 
station is similarly alive with trafficinwards and ontwarda, 
‘London having since the introduction of railways become 
more than ever @ great distributive centre, to which 
merchandize of all kinds converges, and from which it is 
distributed to all parts of the country. Mr. Bazley, M-P., 
stated at a late public meeting at Manchester, that it 
would probably require ten millions of horses to convey 
by road the merchandise traffic which is now annually 
carried by railway. 

Railways have also proved of great value in connection 
with the Cheap Postage system, By their means it has 
become possible to carry letters, newspapers, books and 
post parcela, in any quantity, expeditiously, and cheaply. 
The Liverpool and Manchester line was no sooner opened 
in 1880, than the Post Office anthorities recognised ite 
utility, and used it for carrying the mails between the 
two towns. When the London and Birmingham lino was 
opened eight years later, mail trains were at once put on, 
—the directors undertaking to perform the distance of 113 
miles within 5 hours by day and 5} hours by night. As 
additional lines were opened, the old four-horse mail 
coaches were gradually discontinned, until in 1858, the 
last of them, the “Derby Dilly,” which ran between 
Manchester and Derby, wes taken off on the opening of 
the Midiand line to Rowsley. 

The increased accommodation provided by railways was 
found of essential importance, more particularly after the 
adoption of the Oheap Postage system; and that such 


accommodation was needed will be obvious from the sxtra- 
ordinary increase which has taken place in the number 
of letters and packets sent by post. Thus, in 1889, the 
number of chargeable letters carried was only 76 willions, 
and of newspapers 444 millions; whereas, in 1865, tho 
nuambers of letters had increased to 720 millions, and in 
1867 to 775 millions, or more than ten-fold, while the 
number of newspapers, books, samples and patterns (a new 
‘branch of postal business began in 1864) had increased, in 
1865, to 984 millions. 

To accommodate thia largely-increasing traffic, the bulk 
of which is carried by railway, the mileage ran by mail 
trains in the United Kingdom has increased from 25,000 
miles a day in 1854 (the first year of which we have any 
return of the mileage run) to 60,000 miles a day in 1867, 
or an increase of 240 per cent. The Post Office expendi- 
ture on railway service has also increased, but not in like 
proportion, having been 364,000}. in the former year, and 
550,5751. in the latter, or an increase of 154 per cent. 
The revenue, gross and net, has increased still more 
rapidly. In 184%, the first complete year of the Cheap 
Postage system, the gross revenue was 1,350,466. and 
the net revenue 500,7891; in 1854, the gross revenue was 
2,574,4074, and the net revenue 1,173,7231,; and in 1867, 
the gross revenue was 4,548,1291, and the net revenue 
2,127,121, being an increase of 420 per cent. compared 
with 1841, and of 180 per cent. compared with 1854, 
ow much of this net increase might fairly be credited to 
the Railway Postal service we shall not pretend to say ; 
but assuredly the proportion must be very considerable. 

One of the great advantages of railways in connection 
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with the postal service is the greatly increased frequency 
f oommunication which they provide between all the large 
towns. Thus Liverpool bas now six deliveries of Manchester 
letters daily; while every large town in the kingdom haa 
two or more deliveries of London letters daily. In 1863, 
393 towns had two mails daily from London; 50 had three 
mails daily ; 7 had four mails a day from London, and 15 had 
four mails a day fo London; while 3 towns had five mails 
a day from London, and 6 had five mails a day to London, 

Another feature of the railway mail train, as of tho 
passenger train, is ita capacity to carry any quantity of 
letters and post parcels that may require to be carried. 
In 1838, the aggregate weight of all the evening maila 
depatched from London by twenty-eight mail coaches 
was 4 tons 6 cwt., or an average of about 3} owt. each, 
though the maximum contract weight was 15cwt. The 
mails now are necessarily much heavier, the number of 
letters ahd packets having, as we have seen, increased 
more than ten-fold since 1839. But it is not the ordinary 
6o much as the extraordinary mails that are of consider- 
able weight,—more particularly the American, the Con- 
tinental, and the Australian mails. It is no unusval thing, 
we are informed, for the last-mentioned mail to weigh as 
much as 40 tons. How many of the old mail coaches it 
would take to carry such a mail the 79 miles’ journey to 
Southampton, with a relay of four horsea every five or 
seven miles, is a problem for the arithmetician to solve. 
But even supposing each coach to be loaded to the 
maximum weight of 15 owt. per coach, it would require 
about sixty vehicles and about 1700 horses to carry the 
40 tons, besides the coachman and guards. 
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‘Whatever may be said of the financial management 
of railways, there can be no doubt as to the great benefita 
conferred by them on the publio wherever made. Even 
those railways which have exhibited the most “ frightful 
examples” of financing and jobbing, have been found to 
prove of unquestionable public convenience and utility. 
And notwithstanding ali the faulta and imperfections that 
have been alleged against railways, we think that they 
must, nevertheless, be recognised as by far the moat 
valuable means of communication between men and nations 
that has yet been given to the world. 

The author's object in publishing this book in ite original 
form, was to describe, in connection with the ‘Life of 
George Stephenson,’ the origin and progress of the railway 
system,—to show by what moral and material agencies 
its founders were enabled to carry their ideas into effect, 
and work out resulta which even then were of a remark- 
able character, though they have since, as above described, 
become so much more extraordinary. The favour with 
which suoceasive editiona of the book have been received, 
haa justified the author in his anticipation that such a 
narrative would prove of general, if not of permanent 
interest. 

The book was written with the concurrence and sasist- 
ance of Robert Stephenson, who also supplied the necessary 
partioulars relating to himself. Such portions of these 
were accordingly embodied in the narrative as opuld with 
propricty be published during his lifetime, and the re- 
maining portions have since been added, with the object 
of rendering more complete the record of the son’s life, 
aa well as of the early history of the Railway system. 
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CHAPTER L 


Newoastix anp THE Gnuat Nogrseny Coat-Fiay. 


Ix no quarter of England have greater changes been 
wronght by the successive advances made in the practical 
science of engineering than in the extengive colliery districts 
of the North, of which Newcastle-upon-Tyne is the centre 
and the capital 

In ancient times the Romans planted a colony at New- 
castle, throwing @ bridge across the Tyne near the site of 
the low-level bridge shown in the prefixed engraving, and 
erecting a strong fortification above it on the high ground 
now oocupied by the Central Railway Station. North and 
north-west lay a wild country, abounding in moors, moun- 
taina, and morasses, but occupied to a certain extent by 
fieroe and barbarous tribes. To defend the young colony 
against their ravages, a strong wall was built by the 
Romans, extending from Wallsend on the north bank of the 
‘Tyne, a few milea below Newosstle, across the oountry to 
Burgh-upon-fands on the Solway Frith. The remains of 
the wall are still to be traced in the less populous hill- 
districts of Northumberland. In the neighbourhood of 
Neweastle they have been gradually effaced by the works of 
succeeding generations, though the “Wallsend.” coal cun- 

v. a 





eumed in our household fires still servea to remind us of tho 
great Roman work. 

After the withdrawal of the Romans, Northumbria became 
planted by immigrant Saxons from North Germany and 
‘Norsemen from Scandinavia, whose Eorls or Earls made 
Newcastle their principal seat. Then came the Normans, 
from whose New Castle, built some eight hundred yeara 
sino, the town derived its present name. The keep of thia 
venerable structure, black with age and smoke, still stands 
entire at the northern end of the noble high-level bridge— 
the utilitarian work of modern times thus confronting the 
warlike relic of the older civilisation. 

‘The nearness of Newcastle to the Scotch Border was 4 
great hindrance to its security and progress in the middie 
ages of English history. Indeed, the district between it 
and Berwick continued to be ravaged by moss-trodpers long 
after the union of the Crowns, The gentry lived in their 
strong Peel castles; even the larger farm-houses were forti- 
fied; and bloodhounds were trained for the purpose of 
tracking the cattle-reavers to their retreats in the hilla 
The Judges of Aesize rode from Carlisle to Newoastle 
guarded by an escort armed to the teeth. A tribute called 
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“dagger and protection money” eee, Sepraediy pais by the 
Shariff of Newosstle for the purpose of 

“and other weapons for the escort; and, though the nect of 
such protection has long sinoe ceased, the tribute continues 
to be paid in broad gold pieces of the time of Charles the 
First. 

Until about the middle of lsst century the roads across 
Northumberland were litile better than horee-tracks, and 
not many years since the primitive agricultural cart with 
solid wooden wheels was almost as common in the western 
parts of the county as it is in Spain now. The tract of 
the old Roman road continued to be the most practicable 
route between Newcastle and Carlisle, the traffic between 
the two towns having been carried along it upon pack- 
horses until a comparatively recent period. 

Since that time great changes have taken place on the 
Tyne. Wher wood for firing bocame scarce and dear, and 
tho forests of the South of England wero found inadequate 
to supply the increasing demand fur fuel, attention waa 
tarned to the rich stores of coal lying underground in the 
neighbourhood of Newoastie and Durham. It then became 
an article of increasing export, and “ seacoal” fires gradually 
supplanted those of wood. Hence an old writer described 
Newoastle as “the Eye of the North, and the Hearth that 
warmeth the South parts of this kingdom with Fire.” Fuel 
has become the staple product of the district, the quantity 
exported increasing from year to year, until the coal raised 
from these northern mines amounts to upwards of sixteen 
inillions of tons a year, of which not leas than niny millions 
are annually conveyed away by soa. 

Newoastle has in the mean time spread in all directions 
far beyond ite ancient boundaries. From a walled medizval 
town of monks and merchants, it has been converted into a 
may centre of commerce and manufactures inhabited by 
nearly 100,000 people. It ia no longer a Border fortrese~ 
a “shield and defence against the invasions and frequent 
insulta of the Boots,” as described in ancient chartere—but 
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& busy centre of peaceful industry, and the outlet for a vast 
amount of steam-power, which ia exported in the form of 
coal to all parta of the world. Newcastle ia in many” 
respecta a town of singular and curious interest, especially 
in its older parta, which are fnll of crooked Janes and nar- 
row streeta, wynds, and chares,® formed by tall, antique 
houses, rising tier above tier along the steep northern bank 
af the Tyne, as the similarly precipitous streets of Gates- 
head crowd the opposite shore. 

All over the coal region, which extends from the Coquet 
to the Tees, about fifty miles from north to south, the sur- 
fave of the soil exhibits the signs of extensive underground 
workings. As you pass through the country at night, the 
earth looks as if it were bursting with fire at many points; 
the blaze of ooke-ovens, iron-furnaces, and coal-heaps red- 
dening the sky to such a distance that the horizon seems 
to be a glowing belt of fire. 

From the necessity which existed for facilitating the 
transport of coals from the pits to the shipping places, it 
is easy to understand how the railway and the locomotive 
should have first found their home in such a district as we 
have thus briefly described. At an early period the coal 
‘was carried to the boats in panniers, or in sacka upon 
horses’ backs. Then carts were used, to facilitate the pro- 
gress of which tramways of flag-stone were laid down. 
This led to the enlargament of the vehicle, which became 
known ag a waggon, and it was mounted on four wheels 
instead of two. A local writer about the middle of the 
seventeenth century says, “Many thousand people are 
engaged in this trade of coals; many live by working of 
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them in the pits; and many live by conveying them in 
»Waggons and wains to the river Tyne.” 

Still farther to facilitate the haulage of the waggons, 
pieces of planking were laid parallel upon wooden sleepers, 
or imbedded in the ordinary track, by which friction wae 
etill further diminished. It is said that these wooden rails 
were first employed by one Beaumont, about 1630; and on 
a road thus laid, a single horse was capable of drawing » 
large loaded waggon from the coal-pit to the shipping 
staith. Roger North, in 1676, found the practice had become 
extensively adopted, and he speaks of the large sums then 
paid for way-leaves ; that ia, the permission granted by the 
owners of lands lying between the coal-pit and the river-side 
to lay down a tramway between the one and the other. A 
century later, Arthur Young observed that not only had 
these 10ads become greatly multiplied, but important works 
hed been constructed to carry them along upon the same 
level. “The coal-waggon roads from the pits to the water,” 
he says, “are great works, carried over all sorts of inequali- 
ties of ground, so far as the distance of nine or ten milex 
The tracks of the wheels are marked with pieces of wood 
let into the road for the wheels of the waggons to run on, by 
which one horse is enabled to draw, and that with ease, 
fifty or sixty bushels of coala.”"* 

Similar waggon-roads wore laid down in the coal dis- 
tricts of Wales, Cumberland, and Scotland. At the timo 
of the Scotch rebellion in 1745, a tramroad existed between 
the Tranent coal-pits and the smal] harbour of Cockenzie in 
East Lothian; and a portion of the line was selected by 
General Cope as a position for his cannon at the battle of 


re 

Tn these rude wooden tracks we find the germ of the 
modern railroad. Improvements were gradually made in 
them. Thus, at some collieries, thin plates of 1ron were 
nailed upon their upper surface, for the purpose of protect- 
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ing the parts most exposed to friction. Castaron rails 
were also tried, the wooden rails having been found; 
liable to rot. The first rails of this kind are supposed 
to have been used at Whitehaven as early as 1788. This 
cast-iron road was denominated a “plate-way,” from the 
plate-like form in which the rails were cast. In 1767, as 
appears from the books of the Coalbrookdale Iron Works, 
im Shropshire, five or six tons of rails were cast, a8 an ex- 
periment, on the suggestion of Mr. Reynolds, one of the 
partners; and they were shortly after laid down to form 
a road. 
In 1776, a cast-iron tramway, nailed to wooden slespers, 
was laid down at the Duke of Norfolk’s colliery near 
Sheffield, The person who designed and constructed this 
coal line was Mr. John Curr, whose son has erroneously 
claimed for him the invention of the cast-iron railway. He 
certainly adopted it early, and thereby met the fate of men 
before their age; for his plan was 
opposed by the labouring people of 
the colliery, who got up » riot in 
which they tore up the road and 
Dbarnt the coal-staith, whilst Mr. 
Carr fled into a neighbouring wood 
for concealment, and lay there perdu 
for three days and nights, to escepe 
the fury of the populace. The plates 
of these early tramways had a ledge 
cast on their edge to guide the wheel 
yy along the road, after the manner 
shown in the annexed cut. 
In 1789, Mr. William Jessop constructed a railway at 
Longhborongh, in Leicestershire, and there introduced the 
cast-iron edge-rail, with flanches cast upon the tire of the 
‘waggon-wheels to keep them on the track, instead of having 
the margin or flanch cast upon the rail itself; and this plan 
‘was shortly after adopted in other places. In 1800, Mr. 
Benjamin Outram, of Little Eaton, in Derbyshire (father of 
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the distinguished General Outram), used stone props instead 
of timber for supporting the ends or joinings of the raila, 
‘Thus the use of railroads, in various forms, gradually 
extended, until they were found in general use all over the 
mining districts. 

Such was the growth of the railway, which, it will be 
observed, originated in necessity, and was modified accord- 
ing to experience ; progress in this, as in all departments of 
mechanios, having been effected by the exertions of many 
men, one generation entering upon the labours of that 
which preceded it, and carrying them onward to further 
stages of improvement. We shall afterwards find that the 
invention of the locomotive was made by like suocessive 
steps. It was not the invention of one man, but of a 
succession of men, each working at the proper hour, and 
according to the needs of that hour; one inventor inter- 
preting only the first word of the problem which his suc- 
cessors were to solve after long and laborious efforts and 
experiments “ The locomotive is not the invention of one 
man,” sajd Robert Stephenson at Newoastle, “but of » 
nation of mechanical engineers.” 

The same circumstances which led to the rapid extension 
of railways in the coal districts of the north tended to 
direct the attention of the mining engineers to the early 

it of the powers of the steam-engine as a useful 
instrument of motive power. The necessity which existed 
for a more effective method of hauling the coals from the 
pits to the shipping places was constantly present to many 
minds; and the daily pursuits of a large class of mechanics 
oooupied in the management of steam power, by which the 
coal was,raised from the pita, and the mines were pumped 
clear of water, had the effect of directing their attention to 
the same agency as the best means for accomplishing that 
object. 

Among the upper-ground workmen employed at the ooal- 
pits, the principal are the firemen, enginemen, and brakes- 
men, who fire and work the engines, and superintond the 
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machinery by means of which the oollieries are worked. 
Previous to the introduction of the steam-engine the usnal 
machine employed for the purpose was what is called a 
“gin” The gin consists of a large drum placed horizon- 
tally, round which ropes attached to bucketa and corves are 
wound, which are thus drawn up or sent down the shafts 
by a horse travelling in a circular track or “gin race.” 
‘This method was employed for drawing up both coals and 
water, and it is still used for the same purpose in small 
collieries ; but where the quantity of water to be raised is 
great, pumps worked by steam power are called into requi- 
aition. 


Newoomen’s atmospheric engine was first made use of to 
work the pumps ; and it continued to be so employed long 
after the more powerful and economical condensing engine 
of Watt had been invented. In the Newcomen or “fire 
engine,” as it was called, the power is produced by the 


tion of the contained steam by means of cold water, injection. 
The piston-rod is attached to one end of a lever, whilet 
the pump-rod works in connexion with the other,—the 
hydraulic action employed to raise the water being exactly 
eimilar to that of # common sucking-pump. 

The working of a Newoomen engine was a clumsy and 
apparently a very painful process, acoompanied by an extra- 
ordinary amount of wheezing, sighing, creaking, and bump- 
ing When the pump descended, there was heard a plunge, 
« heavy sigh, and a loud bump: then, as it rose, and the 
sucker began to act, there was heard a creak, a wheeze, 
another bump, and then a strong rush of water gs it was 
lifted and poured out. Where engines of a more powerfal 
and improved description are used, the quantity of water 
raised ia enormous—as much as a million and a half 
gallons in the twenty-four hours. 

The pitmen, or “the lads belaw,” who work out the coal 
below ground, are @ peculiar class, quite distinct from 
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the workmen on the surface. They are a people with 
peouliar habits, manners, and character, as much as 
fishermen and seilors, to whom, indeed, they bear, in some 
respects, # considerable resemblance. Some fifty years 
since they were a much rougher and worse educated class 
than they are now; hard workers, but very wild and 
uncouth; much given to “steeks,” or strikes; and distin- 

i in their hours of leisure and on pay-nights, for 
their love of cock-fighting, dog-fighting, hard drinking, and 
enddy races. The pay-night was a fortnightly saturnalia, 
in which the pitman’s character was fully brought out, 
especially when the “yel” was good. Though earning 
much higher wages than the ordinary labouring population 
of the upper soil, the latter did not mix nor intermarry with 
them ; so that they were left to form their own communi- 
ties, and hence their marked peculiarities aaa class. Indeed, 
a sort of traditional disrepute scems long to have clung to 
the ,pitmen, arising perhaps from the nature of their 
employment, and from the circumstance that the colliers 
were among the last classes enfranchised in England, as 
they were certainly the last in Scotland, where they con- 
tinued bondmen down to the end of last century. The lact 
thirty years, however, have worked a great improvement 
in the moral condition of the Northumbrian pitmen; the 
abolition of the twelve months’ bond to the mine, and the 
substitution of a month’s notice previous to leaving, having 
egiven them greater freedom and opportunity for obtaining 
employment ; and day-schools and Sunday-schools, together 
with the important influences of railwaya, have brought 
them fully up to a level with the other classes of the 
labouring population. 

The coals, when raised from the pits, are emptied intc the 
waggons placed alongside, from whence they are sent along 
the rails to the staiths erected by the river-side, the waggons 
sometimes descending by their own gravity along inclined 
planes, the waggoner standing behind to check the speed by 
means of a convoy or wooden brake bearing upen the rima 
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of the wheels Arrived at the staiths, the waggons are 
emptied at once mto the ships waiting alongmde for cargo 
Any one who has sailed down the Tyne from Newcastle 
Bridge cannot but have been struck with the appearance of 
the mmmense starths, constructed of tamber, which aro 
erected at short distances from each other on both mies of 
the river 





Coal Stasth on the Tyne 


But a great deal of the coal shipped from the Tyne comes 
from above bridge, where sea gomg craft cannot reach, and 
1s floated down the river m “keels,” m which the coals are 
sometimes piled up according to convenrence when large, or, 
when the coal 1s small or tender, 1t 1s conveyed m tubs to 
prevent breakage These keels are of a very ancient 
model,—perhaps the oldest extant mm England they are 
even said to be of the same build as those m wiuch the 
Norsemen navigated the Tyne centuries ago The keel 18 8 
tubby, grimy looking craft, rounded fore and aft, with a 
eingle large square sail, which the keel-bullies, aa the 
Tyne watermen are called, manage with great dexterity; 
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the vessel being guided by the sid of the “swape,” or 
great par, which is used as a kind of rudder at the stern of 
the vessel, These keelmen are an exceedingly handy class 
of workmen, not by any means so quarrelsome as their 
designation of “bully” would imply—the word being 
merely derived from the obsolete term “ boolie,” or beloved, 
an appellation still in familiar use amongst brother workers 
in the coal districta’ One of the most curious sights upon 
the Tyne is the fleet of hundreds of these black-sailed, 
‘black-hulled keels, bringing down at each tido their black 
cargoes for the ships at anchor in the deep water at Shields 
and other parts of the river below Newcastle. 

‘These preliminary observations will perhaps be sufficient 
to explain the meaning of many of the occupations alluded 
to, and the phrases employed, in the course of the following 
narrative, some of which might otherwise have been com- 
paratively unintelligible to the general reader. 








‘Wylama Colbery and Village 


CHAPTER IL 


Wiss arp Dewitx Buaw —Guonas Srxpmenson’s Harr 
Years. 


Tue colliery village of Wylam is situated om the north 
bank of the Tyne, about aight miea west of Newcastle. 
The Newcastle and Carlisle railway runs along the opposite 
bank; and the traveller by that line sees the usual mgns of 
a colliery in the unsightly pumping-engmes surrounded by 
heaps of ashes, coaldust, and slag; whilst a neighbouring 
iron-farnace in fall blast throws out dense emoke and loud 
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jets of steam by day and lurid flames at night. These 
works form the nucleus of the village, which is almost 
entirely oooupied by coal-miners and iron-farnacemen. Tho 
place is remarkable for ita large population, but not for its 
cleanness or neatness as a village; the houses, as in most 
colliery villages, being the property of the owners or 
lessees, who employ them in temporarily accommodating 
the workpeople, against whose earnings there is a weekly 
set-off for house and coals. About the end of lest century 
the estate of which Wylam forms part, belonged to Mr. 
Blackett, a gentleman of considerable celebrity in coal- 
mining, then more generally known as the proprietor of the 
*@lobe’ newspaper. 

There is nothing to interest one in the village ituelf. 
But a few hundred yards from its eastern extremity stands 
a humble detached dwelling, which will bo interesting tu 
many es the birthplace of one of the most remarkable men 
of our, times—George Stephenson, the Railway Engineer. 
It is a common two-storied, red-tiled, rubble house, por- 
tioned off intp four labourers’ apartments. It is known by 
tho name of High Street House, and was originally eo called 
because it stands by the side of what used to bo the old 
riding post road or street between Newcastle and Hexham, 
along which the post was carried on horseback within the 
memory of persons living. 

The lower room in the west end of this house was the 
bome of the Stephenson family; and there George Stephen- 
son was born, the second of a family of six children, on the 
ath of June, 1781. The apartment is now, what it war 
then, an ordinary labourer’s dwelling,—its wally are un- 
plastered, its floor is of clay, and the bare rafters are 
exposed overhead. 

Robert Stephenson, or “Old Bob,” as the neighbours 
familiarly called him, and his wife Mabel, were a respectable 
couple, carefal and hard-working. It is said that Robert 
Stephenson’s father was a Scotchman, and came into 
England as a gentleman’s servant. Mabel, his wife, was 
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‘High-strest House, Wylam, the Burthplaco of George Stephenson. 


the daughter of Robert Carr, a dyer at Ovingham. When 
first marned, they hved at Walbottle, o village situated 
between Wylam and Newoastle, afterwards removing to 
Wylam, where Robert was employed as fireman of the old 
pumping engine at that colhery. 

An old Wylam collier, who remembered George 
Stephenson’s father, thus described him .—“Geordie’s 
fayther war like a peer o’ deals nailed thegither, an’ a 
bit o’ flesh i’ th’ inmde; he war as queer as Djck’s hatband 
—went thrice aboot, an’ wudn't te. His wife Mabel war 
a delicat’ boddie, an’ varry fhghty. Thay war an honest 
family, but sair hadden doon 1’ th’ world.” Indeed, the 
earnings of old Robert did not amount to more than twelve 
shilhngs a week ; and, as there were six children to main- 
tain, the family, durnmg ther stay at Wylam, were neces- 
sarily in very straitened arcumstances. The father’s wages 
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being barely sufficient, even with the most rigid economy, 
for the sustenance of the household, there was litile tv 
spare for clothing, and nothing for education, so none of 
the children were eent to school. 

Old Robert was s general favourite in the village, espe- 
cially amongst the children, whom he was accustomed to 
draw about him whilst tending the ongine-fire, and feast 
their young imaginations with tales of Sinbad the Sailor 
and Robinson Crusoe, besides others of his own invention; 
so that “ Bob's engine-fire” came to be the most popular 
resort in the village. Another feature in his character. by 
which he was long remembered, was his affection for birds 
and animals; and he had many tame favourites of both 
sorts, which were as fond of resorting to his engine-fire as 
the boys and girls themselves. In the winter time he had 
usually a flock of tame robins about him; and they would 
come hopping familiarly to his feet to pick up the crumba 
which he had saved for them out of his humble dinner. 
At his cottage he was rarely without one or more tame 
blackbirds, which flew about the house, or in and out at 
the door. In summer-time he would go a-birdnesting with 
his children ; and one day he took his little son George to 
see o blackbird’s nest for the first time. Holding him up 
in his arms, he let the wondering boy peep down, through 
the branches held aside for the purpose, into a nest full of 
young birds—a sight which the boy never forgot, but used 
do speak of with delight to his intimate friends when he 
himself had grown an old man. 

The boy George led the ordinary life of working-people’s 
children. He played about the doors; went birdnesting 
when he oquld; and ran errands to the village. He way 
algo an eagor listener, with the other children, to his 
father’s curious tales; and he early imbibed from him 
that affection for birds and animals which continued 
turoughout his life. In course of time he was promoted to 
the office of carrying his father’s dinner to him while at 
work, and it was an such oocasions his great delight to see 
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the robing fed. At home he helped to nurse, and that with 
acarefal hand, his younger brothers and sisters. Ono of 
his duties wes to eee that the other children were kept ‘out 
of the way of the chaldron waggons, which were then 
dragged by horses along the wooden tramroad immediately 
in front of the cottagedoor. This waggon-way was the 
first in the northern district on which the experiment of a 
locomotive engine was tried. But at the time of which we 
speak, the locomotive bad scarcely been dreamt of in 
England as a practicable working power; horses only were 
used to haul the coal; and one of the first sights with 
which the boy was familiar was the coal-waggons dragged 
by them along the wooden railway at Wylam. 

Thus eight years passed; after which, the ooal having 
‘been worked out, the old engine, which had grown “dismal 
to look at,” as one of the workmen described it, was pulled 
down ; and then Robert, having obtained employment aa a 
fireman at the Dewley Burn Colliery, removed with his 
family to that place. Dewley Burn, at this day, consibts of 
8 fow old-fashioned low-roofed cottages standing on either 
side of a babbling little stream. They are connected by a 
rustio wooden bridge, which spans the rift in front of the 
doors, In the central one-roomed cottage of this group, on 
the right bank, Robert Stephenson lived for time with 
his family; the pit at which he worked standing in the 
rear of the cottages. 

Young though he was, George was now of an age to be 
ablo to contribute something towards the family main- 
tenance; for in a poor man’s house, every child is a burden 
until his little hands can be turned to profitable account. 
That the boy was shrewd and active, and possessed of a 
ready mother wit, will be evident enough from‘ the follow- 
ing incident One day his sister Nell went into Neweastle 
to buy a bonnet; and Geordie went with her “for oom- 
pany.” Ata drapor’s shop in the Bigg Market, Nell found 
8 “chip” quite to her mind, but on pricing it, alas! it war 
found to be fifteen pence beyond her means, and sha left 
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the shop very much disappointed. But Geordie said, 
“Never heed, Nell; see if I canna win siller enough to buy 
the bonnet; stand ye there, till I come back.” Away ran 
the boy and disappeared amidst the throng of tho market, 
leaving the girl to wait his return. Long and long she 
waited, until it grew dusk, and the market poople had 
nearly all left. She had begun to despair, and fears crossed 
her mind that Geordie must have been run over and killed ; 
when at last up he camo running, almost breathless, “I've 
gotten the siller for the bonnet, Nell!” criod he. “Eh 
Geordie!” she said, “but hoo hae ye gutten it?” “Hautin 
the gentlemen’s horses!” was the oxultant reply. The 
bonnet was forthwith bought, and the two returned tu 
Dewley happy. 

Goorgoe’s finss regular employment was of a vory humble 
sort. A widow, namod Graco Ainslie, thon occupied the 
neighbouring farmhouso of Dewley. Sho kopt « number of 
cows, and had the privilege of grazing them along tho 

road, She nooded a boy to herd the cows, to keep 
them out of the way of the waggons, and provent thoir 
straying or trespassing on the neighbours’ “' libortios ;” the 
boy’s duty was also to bar the gates at night aftur all the 
waggons had passed. Goorge potitioned for thin post, and, 
to his great joy, he was appointed at the wage of twoponce 
a day. 

It was light employment, and he had plenty cf spare 
*time on his hands, which he spent in birdnesting, making 
whistles out of reeds and scrannel straws, and orecting 
Lilliputian mills in the little water-streams that ran into 
the Dewley bog. But his favourite amusement at this 
early age was erecting clay engines in conjunction with his 
chosen playmate, Bill Thirlwall. Tho place is still pointed 
vat where the future engineers made their first essays in 
modelling. The boys found the clay for their engines in 
the adjoining bog, and the hemlocks which grew about 
supplied them with imaginary steam-pipes. They even 
proceeded to make a mmiature winding-machine in ovn- 

v ° 
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nexion with their engine, and the apparatus was erected 
upon a bench in front of the Thirlwalls’ cottage. The 
corves were made out of hollowed corks; the ropes were 
supplied by twine; and few bits of wood gleaned from 
the refuse of the carpenter’s shop completed their materials. 
With this ayparatas the boys made a show of sending the 
corves down the pit and drawing them up again, much to 
the marvel of the pitmen. But some mischievous person 
about the place seived the opportunity early one morning 
of amasbing the fragile machinery, much to the grief of the 
young engineers, 

As Stephenson grew older and abler to work, he was set 
to lead the horses when ploughing, thongh scarce big 
enough to stride across the furrows; and he used ufter- 
wards to say that he rode to his work in the mornings at 
an hour when most other children of his age were asleep in 
their beds. He was also employed to hoa turnips, and do 
similar farm-work, for which he was paid the advanced 
wage of fourpence a day. But his highest ambition was to 
be taken on at the colliery where his father worked; and 
he shortly joined his elder brother James there as a “corf- 
bitter,” or “picker,” to clear the coal of stoner, bats, and 
dross. His wages were then advanced to sixpence a day, 
and afterwards to eightpence when he was set to drive the 
gin-horse. 

Shorily after, George went 1o Black Callerton to drive 
the gin there; and as that colliery lies about two milee 
across the fields from Dewley Burn, he walked that die 
tance early in the morning to his work, returning home 
late in the evening. Ove of the old residents at Black 
Callerton, who remembered him at that time, described 
him to the author as “a grit growing lad, with bare legs 
an’ feet ;” adding that he was “ very quick-witted and full 
of fan and tricks: indeed, there was nothing under the sun 
but he tried to imitate.” He wes usually foremost also in 
the sports and pastimes of youth. 

Among his first strongly-developed tastes was the love 
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of birds and animals, which he inherited from his father 

hinds were his special favourites. The hodges 
between Dewley and Black Callérton were capital bird- 
nesting places; and there was not a nost there that he did 
not know of. When the young birds were old enough, he 
would bring them home with him, feed them, and teach 
them to fly about the cottage unconfined by cages. One of 
his blackbirds became so tame, that, after fying about the 
doors all day, and in and out of the cottage, it would take 
up ita roost upon the bed-head at night. And most singular 
of all, the bird would disappear in the spring and summer 
months, when it was supposed to go into the wouds to pair 
and rear its young, after which it would reappear at the 
cottage, and resume its social babits during tho winter. 
This went on for several years. George had also a stock 
of tame rabbita, for which he built a little house behind tho 
cottage, and for many years he continued to pride himeelf 
upon the superiority of his breed. 

After he had driven the gin for some time at Dewloy and 
Black Callerton, he was taken on as an assistant to his 
father in firing the engine at Dewley. This waa a stop of 
promotion which he had anxiously desired, his only fear 
‘being lest he should be found too young for the work. 
Indeed, he used afterwards to relate how he was wont tu 
hide himself when the owner of the colliery went round, in 
caso he should be thought too little a boy to earn the wager 
epaid him. Since he had modelled his cley engines in tho 
‘bog, his young ambition was to be an engineman; and to 
‘be an assistant fireman was the first step towards this posi- 
tion. Great therefore was his joy when, at about fourteon 
years of age, he was appointed assistant-fireman, at the 
ago of a shilling a day 

But the coal at Dewley Burn being at length worked 
out, the pit was ordered to be “laid in,” and old Robert 
and his family were again under the necessity of shifting 
their home; for, to use the common phrase, they must 
“follow the wark.” Thay removed secordingly to a place 
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called Jolly’s Close, few miles to the south, close behind 
the village of Newburn, where another coal-mine belonging 
to the Duke of Northumberland, called “the Dake’s 
Winn,” had recently been opened out. 





ewburn on the Tyne 


One of the old persons in the neighbourhood, who knew 
the family well, describes the dwelling mn which they lived 
as a poor cottage of only one room, m which the father, 
mother, four sons, and two daughters, hved aid slept It 
was crowded with three low-poled beds The one apart- 
ment served for parlour, kitchen, sleepmg room, and all 

The children of the Stephenson family were now growmg 
apace, and several of them were old enough to be able to 
earn money et various lands of collery work. James and 
George, the two eldest sons, worked as agsustant-firemen , 
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and the younger boys worked as wheelers or pickora on the 
bapk-tops. The two girls helped their mother with the 
household work. 

Other workings of the coal were opened ont in the neigh- 
‘bourhood; and to one of these George was removed aa 
fireman on his own account. This was called the “Mid 
Mill Winnin,” where he had for his mate a young man 
named Coe. They worked together there for about tno 
years, by twelve-hour shifts, George firing the engine at the 
wage of a shilling a day. He was now fifteen years old, 
His ambition was aa yet limited to attaining the standing 
of a fall workman, at @ man’s wages; and with that view 
he endeavoured to attain ench a knowledge of his engine as 
would eventually lead to his employment as an engineman, 
with its accompanying advantage of higher pay. Ho was 
a steady, sober, hard-working young man, but nothing more 
in the estimation of his fellow-workmen, 

Oye of his favourite pastimes in by-hours was trying 
feats of strength with his companions. Although in frame 
he was not particularly robust, yet he was big and bony, 
and considered very strong for his age. At throwing the 
hammer George had no compesr. At lifting heavy weights 
off the ground from between his feet, by means of a bar of 
iron pamed through them—placing the bar against his 
knees as a fulcrum, and then straightening his spine and 
lifting them aheer up—he was also very successful. On 
‘one occasion he lifted as much as sixty stones weight—« 
striking indication of his strength of bone and muscle. 

When the pit at Mid Mill was closed, George and his 
cumpanion Coe were sent to work another pumping-engine 
erected near Throckley Bridge, where they continued for 
gome months. It was while working at this place that hir 
‘wages were raised to 12s. a week—an event to him of great 
importance. On coming out of the foreman’s office that 
&.turdey evening on which he received the advance, be 
announced the fact to his fellow-workmen, adding triumph 
antly, “I am now 4 made man for life!” 
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The pit opened at Newburn, at which old Robert 
Stephenson worked, proving a failure, it was closed; end 
8 new pit was sunk at Water-row, on a strip of land lying 
between the Wylam waggon-way and the river Tyne, 
abont half a mile west of Newburn Church. A pumping: 
engine was erected there by Robert Hawthorn, the Duke's 
engineer ; and old Stephenson went to work it as fireman, 
his son George acting as the engineman or plugman. At 
that time he was about seventeen years old—a very youth. 
ful age at which to fill so responsible a post. He had thus 
already got ahead of his father in his station as a workman ; 
for the plugman holds a higher grade than the fireman, 
requiring more practical knowledge and skill, and usually 
receiving higher wages. 

George's duty as plugman was to watch the engine, to 
see that it kept well in work, and that the pumps were 
efficient in drawing the water. When the water-level in 
the pit was lowered, and the suction became incomplete 
through the exposure of the suction-holes, it was then his 
duty to proceed to the bottom of the shaft and plug the 
tube so that the pump should draw : hence the designation 
of “plugman.” If a stoppage in the engine took place 
through any defect which he was incapable of remedying, 
it was for him to oall in the aid of the chief engineer to 
set it to rights, 

But from the time when George Stephenson was 
appointed fireman, and more particularly afterwards ag 
engineman, he applied himself so assiduously and 80 su0- 
cessfully to the study of the engine and its gearing—taking 
the machine to pieces in his leisure hours for the purpose 
of cleaning and understanding its various pars—that he 
soon acquired a thorough practical knowledge of its con; 
struction and mode of working, and very rarely needed to 
call the engineer of the colliery to his aid. His engine 
became 2 sort of pet with him, and he was never wearied 
of watching and inspecting it with admiration. 

‘Though eighteen years old, like many of his fellow- 
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workmen, Stephenson had not yet learnt to read. All that 
he, could do was to get some one to read for him by hia 
engine fire, out of any book or stray newspaper which 
found its way into the neighbourhood. Buonaparte was 
then overrunning Italy, and astounding Europe by his 
brilliant succession of victories; and there was no more 
eager auditor of his exploits, as read from the newspaper 80- 
counts, than the young engineman at the Water-row Pit. 

There were also numerous stray bits of information and 
intelligence contained in these papers, which excited 
Stephenson's interest. One of these related to the Egyptian 
method of hatching birds’ eggs by means of artificial heat. 
Curious about everything relating to birds, he determined 
to test it by experiment. It was spring time, and he 
forthwith went a birdnesting in tho adjoining woods and 
hedges. He gathered a collection of eggs of various sorta, 
set them in flour in a warm place in the engine-house, 
covering the whole with wool, and then waited the issue. 
Thé heat was kept as steady as possible, and the eggs were 
carefully turned every twelve houra, but though they 
chipped, and some of them exhibited well-grown chicks, 
they never hatched. The experiment fuiled, but the inci- 
dent shows that the inquiring mind of the youth was 
fairly at work. 

ing of engines in clay continued to be another of his 

favourite occupations. He made models of engines which 
» be hed seen, and of others which were described to him. 
‘These attempts were an improvement upon his first trials at 
Dewley Burn bog, when occupied there as a herd-boy. He 
was, however, anxions to know something of the wonder- 
fol engings of Boulton and Watt, and was told that they 
were to be found fully described in books, which he must 
“search for information as to their constraction, action, and 
Uses. But, alaa! Stephenson could not read; he had not 
get learnt even his letters. 

‘Thus he shortly found, when gazing wistfully in the 
direction of knowledge, that to advance further as a skilled 
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workman, he must master this wonderful art of reading — 
the key to so many other arte. Only thus could he gain an 
access to books, the depositories of the wisdom and experi- 
ence of the past. Although a grown man, and doing the 
work of a man, he was not ashamed to confess his ignorance, 
and go to school, big as he was, to learn his letters. Per- 
haps, too, he foresaw that, in Isying out a little of his spare 
earnings for this purpose, he was investing money judi- 
ciously, and that, in every hour he spent at achool, he waa 
really working for better wages. 

‘His firet schoolmaster was Robin Cowens, a poor teacher 
in the village of Walbottle. He kept a night-school, which 
was attended by a few of the colliers and labourers’ eons in 
the neighbourhood. George took lessons in spelling and 
reading three nighta in the week. Robin Cowen’s teaching 
cost threepence a week; and though it was not very good, 
yet George, being hungry for knowledge and eager to 
acquire it, soon learnt to read. His, ito: prantiot ete 
hooks,” and at the age of nineteen he was proud to be al 
to write his own name. 

A Scotch dominie, named Andrew Robertson, set up a 
night-echool in the villege of Newburn, in the winter of 
1799. I¢ was more convenient for George to attend this 
school, as it was nearer to his work, and only a few minutes’ 
walk from Jolly’s Close. Besides, Andrew had the reputa- 
tion of being a skilled arithmetician ; and this branch of 
knowledge Stephenson was very desirous of acquiring. He 
accordingly began taking lessons from him, paying four- 
pence a week. Robert Gray, the junior fireman at the 
‘Water-row Pit, began arithmetic at the same time; and 
Gray afterwards told the author that learnt 
“figuring ” so much faster than he did, that he could not 
make out how it was—‘he took to figures ao wonderful.” 
Although the two started together from the same point, at 
the end of the winter George had mastered “reduction,” 
while Robert Gray was still straggling with the difficulties 
of simple division. But George's secret was his persever- 
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ance. He worked out the sums in his bye-hours, improving 
every minute of bis spare time by the engine-firo, and study- 
ing there the arithmetical problems set for him upon hia 
slate by the master. In the evenings he took to Robertson 
the sums which he hed “worked,” and new ones were 
“set” for him to study out the following day. Thus his 
progress was rapid, and, with a willing heart and mind, he 
goon became well advanced in arithmetic, Indeed, Andrew 
Robertson became very prond of his scholar; and shortly 
after, when the Water-row Pit was closed, and Gcorgo 
removed to Black Callerton to work there, the poor school- 
toaster, not having a very extensive connexion in Newburn, 
went with his pupils, and set up his night-echoul at Black 
Callerton, where he continued his lessons. 

George still found time to attend to his favourite animals 
while working at the Water-row Pit. Like his father, ho 
used to tempt the robin-redbreasts to hop and fly about him 
ee oe nese so ny tee Dale bread eee aired frees 

his dinner. But his chief favourite was his dog—so saga- 
cious that he almost daily carried George's dinner to him at 
the pit. The tin containing the meal was suspended from 
the dog’s neck, and, thus laden, he proceeded faithfully from 
Joliy’s Close to Water-row Pit, quite through the villago of 
Newburn. He turned neither to left nor right, nor heeded 
the barking of curs at his heele. But his course was not 
unattended with perils, One day the big strange dog of a 
epassing butcher espying the engineman’s messenger with the 
tin can about his neck, ran after and fell upon him. There 
was @ terrible tussle and worrying, which lasted for a brief 
while, and, shortly after, the dog’s master, anxious for his 
dinner, say his faithful servant approaching, bleeding bat 
triumphant. The tin can was still round his neck, but the 
‘Qinner had been spilt in the Though George 
went without his dinner that day, he was prouder of his dog 
than ever when the cirommstances of the combat were related 
to him by the villagers who had seon it. 

It was while working at the Water-row Pit that Stephen 
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son learnt the art of brakeing an engine. This being one 
of the higher departments of colliery labour, and among 
the ‘est paid, George was very anxious to lear it, A 
amall winding-engine having bean put up for the purpose of 
drawing the coals from the pit, Bill Coe, his friend and 
fellow-workman, was appointed the brakesman. He fre- 
quently allowed George to try hia hand at the machine, and 
inatracted him how to proosed. Coe was, however, opposed 
in this by several of the other workmen—one of whom, a 
banksman named William Locke,* went so far as to stop the 
working of the pit because Stephenson had been called in to 
the brake, But one day as Mr. Charles Nixon, the manager 
of the pit, was observed approaching, Coe adopted an expe- 
dient which put a stop to the opposition. He called upon 
Stephenson to “come into the brake-house, and take hold of 
the machine.” Locke, as usual, sat down, and the working 
of the pit was stopped. When requested by the manager to 
give an explanation, he said that “ young Stephenson couldn’t 
‘brake, and, what was more, never would learn, he was 60 
clumsy.” Mr. Nixon, however, ordered Locke to go on with 
the work, which he did ; and Stephenson, after some further 
practice, acquired the art of brakeing. 

After working at the Water-row Pit and at other engines 
near Newburn for about three yeara, George and Coe went 
to Black Callorton early in 1801, Though only twenty 
years of age, his employers thought eo well of him that 
they appointed him to the responsible office of brakeaman at, 
the Dolly Pit. For convenience’ sake, he took lodgings at 
p small farmer’s in the village, finding his own victuals, 
and paying so much a week for lodging and attendanos. In 
the locality thia was called “ picklin in his awn ppke neuk.” 
It not unfrequently happens that the young workman 
about the collieries, when selecting a lodging, contrives to’ 
pitch his tent where the daughter of the house ultimately 
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becomes his wife. This is often the real attraction that 
draws the youth from home, though a very different one 
may be pretended. 

George Stephenson's duties as brakeaman may be briefly 
described. ‘The work was somewhat monotonous, and con- 
sisted in superintanding the working of the engine and 
machinery by means of which the coals were drawn out of 
the pit. Brakesmen are almost invariably selected from 
those who have had considerable experience ss engino- 
firemen, and borne a good character for steadiness, pnno- 
tuahty, watchfulnesa, and “ mother wit.” Tha George Sterhen- 
ton’s day the coals were drawn out of the pit in corves, or 
large baskets made of hazel rods. The corves were placed 
together in a cage, between which and the pit-ropes there 
was usually from fifteen to twenty feet of chain. The 
approach of the corves towards the pit mouth was signalled 
‘by a bell, brought into action by a piece of mechanism 
worked from the shaft of the engine. When the bell 
sounded, the brakesman checked the speed, by taking hold 
of the hend-gear connected with the steam-valvea, which 
‘were a0 arranged that by their means he could regulate the 
speed. of the engine, and stop or set it in motion when re- 
quired. Connected with the fly-wheel was a powerful 
wooden brake, acting by preasure against its rim, something 
like the brake of a railway-carriage against its wheels, On 
catching sight of the chain attached to the ascending ocrve- 
cage, the brakesman, by pressing his foot upon a foot-step 
near him, was enabled, with great precision, to stop the 
revolutions of the wheel, and arrest the ascent of the corves 
at the pit mouth, when they were forthwith landed on the 
“gattle board.” On the full corves being replaced by empty 
, ones, it was then the daty of the brakesman to reverse the 
engine, and send the corves down the pit to be filled again 

‘The monotony of George Stephenson's occupation as & 
brakeaman was somewhat varied by the change which he 
made, in hie turn, from the dey to the night shift. His 
duty, on the latter occasions, consisted chiefly in sending 
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men and materials into the mine, and in drawing other 
men and materials out. Most of the workmen enter the pit 
during the night shift, and leave it in the latter part of the 
day, whilst coal-drawing ia proceeding. The requirements 
of the work at night are such, that the brakesman has a 
good deal of spare time on his hands, which he is at liberty 
to employ in his own way. From an early period, George 
was accustomed to employ those vacant night hours in 
working the sums set for him by Andrew Robertson 
upon his slate, practising writing in his copy-book, and 
the shoes of his fellow-workmen. His wages 
while working at the Dolly Pit amounted to from 1. 15s. to 
21. in the fortnight; but be gradually added to them as he 
became more expert at shoe-mending, and afterwards at 
shoo-making. 
Probably he was stimulated to take in hand this extra 
work by the attachment he had by this time formed for a 
young woman named Fanny Henderson, who officiated aa 
servant in the small farmer's house in which he lodged. 
We have been informed that the personal attractions of 
Fanny, though these were considerable, were the least of 
her charms. Mr, William Fairbairn, who afterwards saw 
her in her home at Willington Quay, desoribes her as a very 
comely woman. But her temper was one of the sweetest; and 
those who knew her were socustomed to speak of the charm- 
ing modesty of her demeanour, her kindness of disposition, 
and withal her sound good sense. . 
Amongst his various mendings of old shoes at Callerton, 
George was on one occasion favoured with the shoes of his 
sweetheart to sole. One can imagine the pleasure with 
which he would linger over such a piece of work, and tha 
pride with which he would execute it, A friend of his, , 
still living, relates that, after he had finished the shoes, he 
carried them about with him in his pooket on the Sunday 
afternoon, and that from time to time he would pull them 
out and hold them up, exclaiming, “ what a capital jeb ha 
had made of them!” 
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Out uf his earnings by shoe-mending at Callerton, 
George contrived to save his first guinea. The first guinea 
saved by & working man is no trivial thing. If, aa in 
Stephenson’s case, it has been the reault of prodent self- 
denial, of extra labour at bye-hours, and of the honest reso- 
lution to save and economise for worthy purposes, the first 
guinea saved is an earnest of better things. When 
son had saved this guinea he was not a little elated at the 
achievement, and expressed the opinion to a friend, who 
many years after reminded him of it, that he wos “now 
@ rich man.” 

Not long after he began to work at Black Callerton as 
brakesman, he had a quarrel with a pitman named Ned 
Nelson, @ roistering bully, who was the terror of the 
village. Nelson was a great fighter ; and it was therefore 
considered dangerous to quarrel with him. Stephenson was 
so unfortunate as not to be able to please this pitman by the 
way in which he drew him out of the pit; and Nelson swore 
at him grossly because of the alleged clumsiness of his 
brakeing. George defended himself, and appealed to the 
testimony of the other workmen. But Nelson had not been 
accustomed to George’s style of self-assortion; and, after a 
great deal of abuse, he threatened to kick the brakesman, 
who defied him to do so. Nelson ended by challenging 
Stephenson to a pitched battle; and the latter accepted the 
challenge, when a day was fixed on which the fight was to 
come off. 

Great was the excitement at Black Callerton when it 
waa known that George Stephenson had accepted Nelson's 
challenge. Everybody said he would be killed. The 
villagers,.the young men, and especially the boys of the 
. Place, with whom George was a great favourite, all wished 
that he might beat Nelson, but they scarcely dared to say 
sa, They came about him while he was at werk in the 
engine-house to inquire if it was really true that he was 

“goin to fight Neleon?” “ Ay; never fear for mo; I'll fight 
him.” And fight him he did. For somo days previous te 
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the appointed day of battle, Nelaon went entirely off work 
for the purpose of keeping himself fresh and strong, whereas 
Stephenson went on doing his daily work as usual, and 
appeared not in the least disconcerted by the prospect of the 
affair. So, on the evening appointed, after George had done 
his day's labour, he went into the Dolly Pit Field, where 
his already exulting rival was ready to meet him. George 
stripped, and “went in” hke a practised pugilist—though 
it waa his first and last fight. After a few rounds, George's 
wiry muscles and practised strength enabled him severely 
to puniah his adversary, and to secure an easy victory. 

‘This circumstance is related in illustration of Stephenson’s 
personal pluck and courage ; and it was thoroughly charac- 
teristic of the man. He was no pugilist, and the very 
reverse of quarrelsome, But he would not be put down by 
the bully of the colhery, and he fought him. There his 
pugiliam ended , they afterwards shook hands, and continued 
good fiends. In after life, Stephenson’s mettle was often as 
hardly tried, though in a different way ; and he did not fail 
to exhibit the same resolute courage in contending with the 
pallies of the raztway would, as he showed 1n his encounter 
with Ned Nelson, the fighting pitman of Callerton, 








CHAPTER [IIL 


Exoixeman at Wrureron Quay asp Krumaworrs, 


Gxorarz SrepHensox had now acquired the character of an 
expert worjman. He was diligent and observant while at 
work, and sober and studious when the day’s work was 
ver. His friend Coe described him to the author as “a 
standing example of manly character.” On pay-Saturday 
afternoons, when the pitmen held their fortnightly holiday, 
cocupying themselves chiefly in cock-fighting and dog- 
fighting in the adjoining fields, followed by adjournments 
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to the “ yel-honse,” George was accustomed to take hie 
engine to pieces, for the purpose of obtaining “ insight,” and 
he cleaned all the parte and put the machine in thorough 
working order before leaving it 

In the evenings he improved himself in the arts of reading 
and writing, and occasionally took a turn at modelling. It 
was at Callerton, his son Robert informed us, that he began 
to try his hand at original invention; and for some time he 
applied his attention to a machine of the nature of an 
engine-brake, which reversed itself by its own action. But 
nothing came of the contrivance, and it was eventually 
thrown aside as useless. Yet not altogether so; for even 
the highest, skill must undergo the inevitable discipline of 
experiment, and submit to the wholesome correction of 
occasional failure. 

After working at Callerton for about two years, he re- 
ceived an offer to take charge of the engine on Willington 
Ballast Hill at an advanced wage. He determined to 
accept it, and at the same time to marry Fanny Henderson, 
and begin housekeeping on his own account. Though he 
was only twenty-one years old, hé had contrived, by thrift, 
steadiness, and industry, to save as much money as enabled 
him to take a cottage-dwelling at Willington Quay, and 
furnish it ina humble but comfortable style for the reception 
of his bride, 

Willington Quay lies on the north bank of the Tyne, 
about six miles below Newcastle. It consists of a line of 
houses straggling along the river-side; and high behind it 
towers up the hage mound of ballast emptied out of the 
ships which resort to the quay for their cargoes of coal for 
the London market, The ballast is thrown out ¢f the ships’ 
holds into waggons laid alongside, which are run up to the 
summit of the Ballast Hill, and emptied out there. At the 
foot of the great mound of shot rubbish was tho fixed 
engine of which George Stephenson acted as brakeaman. 

The cottage in which he took up his abode was a amal) 
two-storied dwelling, standing a little back from the quay 
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with a bit of garden ground in front.* The Stephenson 
family occupied the upper room in the west end of the 
cottage. Close behind rose the Ballast Hill. 

‘When the cottage dwelling had been made snug, and waa 
ceady for occupation, the marriage took place. 1t was cele- 
brated in Newburn Church, on the 28th of November, 1602. 
After the ceremony, Goorge, with his nowly-wedded wife, 
proceeded to the houso of his father at Jolly’s ‘lose. The 
old man was now becoming infirm, and, though he still 
workod as an ongine-firoman, contrived with difficulty “to 
keep his hoad above water.” When the visit had been 
paid, the bridal party sot out for their new home at Will- 
ington Quay, whither they wont in a manner quite common 
before travelling by railway came into use. ‘I'wu farm 
horses, borrowed from a neighbouring farmer, were eich 
provided with a saddle and pillion, and Goorgo having 
mounted one, his wife seated hereclf behind him, holding 
on by his waist. Tho bridesman and bridesmaid in like 
manner mounted the other hore; and in this wise the 
wedding party rode across the country, passing throngh 
the old streets of Newcastle, and thon by Wallwnd to 
Willington Quay—a ride of abont fifteen miles. 

George Stephonson’s daily lifo at Willington was that 
ofa steady workman. By tho manner, however, in which 
he continued to improve his sparo hours in the evenmg, he 
was silently and surely paving the way for being sane. 
thing 1o0re than a manual labourer. He set himnclf to 
study diligently the principles of mochanica, and to master 
the laws by which his engine worked. For a workman, 
he was even at that time more than ordinarily speculative 
—often taking up strange theories, and trying to sift ont 
the truth that was in them. While sitting by his wife's 
side in his cottage-dwelling in the winter evenings, he was 


* The Stephenson Memorial Willington Quay sepresened fa 
Schools have since been erected the engraving o¢ the head of tit 
7m the site of the old cottage et "=f. 
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usually occupied in studying mechanical subjecta, or in 
modelling experimental machines. Amongst his various 
speculations while at Willington, he tried to discover a 
means of Perpetual Motion. Although he failed. as so 
many others had done before him, the very efforts he made 
tended to whet his inventive faculties, and to call forth hia 
dormaut powers. He went so far as to construct the model 
of a machine for the purpose. It consisted of a wooden 
wheel, the periphery of which was furnished with glasy 
tubes filled with quicksilver; as the whee] rotated, the 
quicksilver poured itself down into the lower tubes, and 
thus a sort of self-acting motion was kept up in the appa- 
tatus, which, however, did not prove to be perpetual. 
Where he had first obtained the idea of this machine— 
whether from convorsation or reading, is not known; but 
his son Robert was of opinion that he had heard of th 
apparatus of this kind described in the “History of In- 
ventions.” As he had then no access to books, and indeed 
would barely read with ease, it is probable that he had been 
told of the contrivance, and set about testing its valuo so 
cording to his uwn masthods. 

Much of his spare time continued to be occupied by 
labour more immediately profitable, regarded in a pecu- 
niary point of view. In the evenings, after his day's labour 
at his engine, he would occasionally employ himself for an 
hour or two in casting ballast out of the collier ships, by 
which means he was ensbled to earn a few extra shillings 
weekly. Mr. William Fairbairn of Manchester has informed 
us that while Stephenson was employed at Willington, 
he himself was working in the neighbourhood as an 
engine apprentice at the Percy Main Colliery. He wan 
very fond of George, who was a fine, hearty fellow, besides 
being a capita] workman. In the summer evenings young 
Fairbairn was accustomed to go down to the Qray to see 
his friend, and on such occasions he would frequently take 
charge of George's engine while he took a turn at heaving 
ballast out of the ships’ holds It is pleasant to think of 
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the future President of the British Association thus helping 
the future Railway Engineer to carn a few extra shillings 
by overwork in the evenings, at a time when both occupicd 
the rank of humble working men in an obscure northern 


Mr. Fairbairn was alsa a frequont visitor at George's 
cottage on the Quay, where, though there was no Juxury, 
there was comfort, cleanliness, aud a pervading spirit of 
industry. Even at homo George was never for a moment 
idle. When there was no ballast to heave out at the Quy. 
he took in shoes to mend; and from mending he proceeded 
to making them, as well ax shoc-lasta, in which he was 
admitted to be very export. 

But an accidevt vocurred in Stephenson's houschold alent 
this timo, which had the offect of directing his industry 
into a new and still more profitable chaunel. ‘I'he cottage 
chimney took fire one day in his absence, when the alunmed 
neighbours, rushing in, throw quautities of water upon the 
flames ; and some, in their zoal, evun mounted the ridge of the 
house, and poured buckets of water down the chimnuy. ‘The 
firo was soon put out, but the house was thoroughly suaked. 
When George came home ho found evorything in disurder, 
and his new furniture covered with wot. Tho eight-day clock, 
which hung against tho wall—ono of the mont highly-prizcd 
articles in the house-~was much damaged by tho stewm 
with which the room had beon filled; and its wheels were 
so clogged by the dust and soot that it was brought to a 
completo standstill. Georgo was alwayw ready to turn his 
hand to anything, and his ingenuity, never at fault, imuc- 
diately eet to work to repair the unfortunate clock. le 
was advised ,to send it to the clookmaker, but that would 
cost money; and he declared that he would repair it 
himself—at least he would try. ‘The clock waa acoudingly 
taken to pieces and cleaned; the tools which he had been 
sooumulating for the purpose of constructing hie Perpctusl 
Motion machine, enabled him to do this readily; and he 
sugceeded so well thai, shortly after, the neighbours sent 


ua 
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him their clocks to clean, and he soon became one of the 
mont famous clock-doctors in the neighbourhood. 

It was while living at Willington Quay that George 
Stephenson's only sou was born, on the 15th of October, 
1803. The child was a great favourite with his father, and 
added much to the happiness of bis evening hours. George's 
“philoprogenitiveness,” as phrenologists call it, had been 
exercined hitherto upon birds, dogs, rabbits, and even the 
poor old gin-horses which he had driven at the Callerton 
Vit, bat in his poy ho now found o much more genial 
object fur the cxercise of his affection, 

‘Tho christening tock place in tho sehool-house at 
Wallwnd, the old parish church being at the tine in wo 
Gilupidated a condition from the * crecping” or subsidence 
of the ground, consequent upon the excavation of the cual, 
that it was considered dangeruus io enter it. On thix 
cocanion, Rehert Giay and Anne Ilenderson, who had 
officiated as bridesman aud bridesmaid at the wedding, came 
over again to Willington, and stuod godfather and godmother 
to little Robert,—so named after his grandfather. 

After working for several years more as a brakesman at 
tho Willingtou machine, Geurgo Stephenson was induced to 
Joave his nituation there for a nimilar one at the West Moor 
Colliery, Killingworth. It was not without considerable 
persuasion that he was induced to leave the Quay, as he 
knew thut he should thereby givo up the chance of earning 
extra money by casting ballast from the keels, At last, 
however, he consented, in the hope of making up the loss ip 
some other way. 

The village of Killingworth lies about seven miles north 
of Newcastle, and is oue uf the best-known collieries in that 
neighhourhood. Tho workings of the coal are of vast 
extent, and give employment to a large number of work- 
people. To this place Sterhenson first came as a brakesman 
about tho beginning of 1805. He had not heen long in 
his new piace, ere his wife dicd (in 1806), shortly after 
giving birth to a daughter, wh» survived the mother only a 


Cuar Ht BRAKESWAN AT KILLINGWORTH w 


few months Georgo deeply flt the los cf los witt ft 
they bid ken very opps t ether Shen let had han 
swectemcd by daily successtul tal The husband wis 
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soher and hard woking ind Jus wifi: made his hearth so 
Ini, ht and hus home so snuz, tht no ath actin Gould draw 
him from her aide in the excnimg hours But this domestic 
happincss was all to passaway and Georg felt w one that 
had thunccftth to tread the journcy of lift done 

Shortly after this event, while his ymicf ws still fies ho 
ieccrved an invitation fium some genthincn conc red im 
1-rgo spimmng works near Montrose im Sot] nd to priced 
thither and supcrmtend the working of ouc uf Boulton ind 
Wattsengmes He accepted the offer, and made ait ing 
ments to leave Kallmgworth fin « tune 
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Having left his little boy in good keeping, he set out upon 
his long journey to Scotland on foot, with his kit upon 
his back. While working at Montrose he gave a striking 
proof of that practical ability in contrivance for which he 
was afterwards so distinguished. It appears that the 
water required fur tho purposes of his engine, as well aa 
fur the nse of the works, was pumped from a considerable 
depth, being supplied from the adjacent extensive sand 
strata. The pumps frequently got choked by the sand 
drawn in at tho bottom of the well through the snore-holes, 
or apertures throngh which the water to be ruised is ad- 
mitted. Tho barrels soon became worn, and the bucket 
and clack leathors destroyed, so that it became necessary 
to devine a remedy; and with this object the engineman 
proceeded to adopt the following simple but original expe- 
dient. Ho had a wooden box or boot made, twelve feet 
high, which ho placed in the sump or well, and into this 
he inserted the lower end of the pump. Tho result was, 
that the water flowed cloar from the outer part of the well 
over into the boot, and being drawn up without any ad- 
inixtt7o of sand, the difficulty was thus cunquered.* 

eing paid good wages, Stephenson contrived, during 
the year he worked at Montrose, td save a sum of 281. 
which he took back with him to Killingworth. Longing 
to get back to his kindred, his heart yearning for the son 
whom ho had left behind, our engineman took leave of his 
employers, and trudged back to Northumberland on foot es 
he had gone. While on his journey southward he arrived 
late ono evening, footsure and wearied, at the door of a 
small farmer's cottage, at which he knocked, and requested 
shelter for the night. It was refused, and then he entreated 


* This incident was related by author the late Mr, Willism 


Robert Stephenson during # Kell of Gateshead, who was pre 
to tho north of Scotland in 185/, sent, ab Mr. Stephenson's roquost 
when off Montrose, on board his of insertion in his 


Jeet Titania; end the remi fathers 7 
Riscence wea communicated to the 
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that, being tirad, and unable to proceed farther, the farmer 
would permit him to lic down in the outhouse, for that 
little clean straw would serve him. Tho firmer’s w 
appeared at the door, looked at the traveller, then ret 
with her husband, the two confabulated a little apart, 
finally they invited Stephenaen into tho cottage. Alway: 
full uf conversation and aneedyte, he soon mado himself at 
ome in tho farmer's fimnily, and spent with them a fow 
pleasint honra. Ilo was hospitubly entertained for the 
night, and when he lefl the cotfage in the morning, be 
pressed them to make some charge for his lodging, but they 
refused to accept any recompense, "They only asked him 
tu remember them kindly, and if he ever camo , to 
bo sure and call again. Many years afler, when Stephenson, 
had becomo a thriving man, he did nut forget the hnmble 
pair who lad sneconred and entertained him on his way ; 
he sought their cottage again, when age hid silvered their 
hair; and when ho left the aged ounple, they wu 
boon reminded of the old saying that wo muy pumetinnes 
“entertain auguls unawires.” 

Kteaching home, Stephenson found that his father hal 
met with » serious accident at the Bluchor Pit, which had 
reduced him to great distress and poverty. While engaged 
in tho inside of an engine, making somo repair, a fellow- 
workman accidentally let in the steam upon him, The 
blast strnck him full in tho faco; he way terribly scorched, 
wind his eyesight was irretriovably lost. ‘Tho helpless and 
infirm man had struggled for a time with poverty; his 
sms who were at home, poor as himuclf, were little able to 
help him, while George was at a distance in Seutland. On 
his return, however, with his savingy in his pocket, his first 
step was to pay off his father's debts, amounting to about 
‘351; and shortly after he removed tho aged pair trom 
Jolly’s Close to @ comfortable cottage adjoining the 
tramroad near the West Moor at Killingworth, where the 
old men lived for many years, supported entirely hy his son. 

Stephenson was again taken on as a brakenman «at the 
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West Moor Pit. Hoe does not seem to have been very 

ful as to his prospects in life about this time (1807-8). 
Indeed the condition of the working class generally was 
very discouraging. England was ongaged in a great war, 
which pressed upon the industry, and severely tried the 
rosources, of the cuuniry. ‘Chere was a constant demand 
for men to fill the army. The working people were uleo 
liable to bo pressed for the navy, or drawn fur the militia ; 
and though they could not fail to be discontented under 
such circumstances, they scarcely dared even to mutter 
their discontent tv their neighbours. 

Stepheuscm wns drawn for the militia: be must there- 
tore eithor quit hie work and go a-suldiering, or find a 
snbalitutoe. He adopted the latter course, and borrowed tl, 
which, with the 1cmoindcr of his savings, envbled him to 
provide # militiaman to serve in hig stead. Thus the 
whole of hi» hard-won caiuings weie swept away at 4 
stroke, Ile was almost in despair, and contemplated the 
ides uf leaving the country, und emigrating to the United 
Staten. Although a voyage thither wus then a much more 
fornidable thing fur a working man to accomplish than a 
voyage to Australia is now, he seriously entertained the 
project, and had ull but made up his mind to yo. Ilis sister 
Anu, with her husband, emigrated about that time, but 
George could nut miso the requisite muney, and they 
departed without him. After all, it went sore against 
his heart tu leave his homo and his kindred, the scenea. 
of his youth aud tho friends of his buyhood; and he strug- 
gled long with the idea, brooding over it in sorrow. 
Speaking afterwards to a friend of his thoughts at the 
time, he said: “ You know the road from my house at the 
West Moor to Killingworth, I remember once when I 
went along that road 1 wept bitterly, for 1 knew not where 
may lot in life would be cast.” 

In 1808, Stephenson, with two other brakesmen, took « 
small contract under the colliery lessees for brakeing the 
engines at the West Moor Pit. The brakesmen found tha 
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oil and tallow; they divided the work amongxt them, and 
were paid so much per soure for their labour. Jt was the 
interest of the brakesmen to economise the working ax 
much as possible, and George no svoner entered upon the 
contract than he proceeded to devise ways and means uf 
making it pay.” He observed that the nopes which, at 
other pits in the neighbuarhuad, lasted about three months, 
at the West Moor Pit became worn out in about month. 
He immediately set about aswertaining the exuxe of the 
defect ; and finding it to be occusioned hy excessive fricti 
he proceeded. with the sanction of the head engine-wright 
and the colliery owner, to shift the pulley-wheelt and 
rearrange the gearing, which had the efleet of greatly 
diminishing the tear and wenr, besides allowing the work 
of the colliery to proceed without interrption. 

Abont the wume time ho attempted an improvement in 
the winding. ngine which he worked, hy placing a valve 
between the nir- gmuap and condenser, "Chix expedliont, 
although it led to no pruntical result, showed that hin mind 
was actively engaged in studying new mechanical adapta 
tions, It continued to bd his regular habit, on Saturdays, 
to take hin engine to pieces, for the prrposs, at the seme 
time, of familiarising himself with its action, and of plucing 
it ia a state of thorongh working order, By mastering 
its details, he was enabled, as opportunity occurred, tu tum 
to practical acoount the knowledge be thus diligently and 
patiently acqnired. 

Such an opportunity was not Jong in presenting itrelf. 
Tn the year 1810, a now pit was sunk by the “(rand 
Allies” (ihe lessees of the mines) at the village of Killing- 
worth, noy known as the Killingworth High Dit. Av 
atmespheric or Neweomen engine, made by Sincaton, was 
fixed there fur the purpose of pumping out the water from 
the shaft; but somehow it failed to clear the pit. As ono 
of the workmen has since described the cirenmstance— 
“Sho emidn’t keep her jack-head in water: all the engine- 
men in the neizhLourhixal were tried, as well as Crowther 
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of the Ouseburn, but they were clean bet.” The engine 
had been fruitlesly pumping for nearly twelve months, 
and began to be spoken of as a total failure. Stephenson 
had grme to look at it when in conrse of erection, and then 
observed ty the over-man that he thought it was defective ; 
he algo gave it as his opinion that, if there were much 
water in the mine, the engine would never keep it under. 
Of course, as he was only a brakesman, his opinion was 
considered to be worth very little on such a point. He 
continued, however, to mako frequent visits to the engine, 
tw ace “how she was getting on.” From the bank-head 
whore he worked his brake he could see the chimney 
smoking at the High Pit; and as the men were passing 
to and from their work, he would call out and inquire “ it 
they had gotten to the bottom yet?’ And the reply was 
always to tho same effect—the pumping made no progress, 
and the workmen were still “drowned out.” 

One Saturday afternoon he wont over tu the High Pit te 
axamino the engine more carofully than be had yet'done 
He had been turning the subject over thoughtfully in his 
mind ; and seemed to have satixfted himself as to the cause 
of the failure. Kit Heppel, one of the sinkers, asked him, 
“Weel, George, what do you mak’o’ her? Do you think 
you oould du anything to improve her?” Said George, “I 
ould alter her, man, and make her draw: in a week's time 
I oouid wend you to the bottom.” 

Forthwith Heppel reported this conversation to Ralph 
Dodds, the head viewer, who, being nuw quite in despair, 
and hopeleas of succeeding with the engine, determined to 
give George's skill a trial At the worst he could only 
fail, as the rest had done. In the evening, Dodds went in 
search of Stephenson, end met him on the road, dressed in 
his Sunday's enit, on the way to “the preaching” in the 
Methodist Chapel, which he attended. “Well, George,” 
said Dodds, “ thoy tell me that you think you can put the 
engine at the High Pit to rights.” “Yes, sir,” said George. 
© [think I oould." “If that's the cage, I'll give you a fair 
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trial, and you must set to work immediately, We are clean 
drowned out, and cannot get a sten farther. The engineers 
nereabouts are all bet ; and if you really succerd in accom 
plishing what they canzot do, you may depend upon it 1 
will mako you a man for life.” 

Stephens began his operations carly next moming. 
The only condition that he made, before setting to work, 
wus that ho should select his own workmen. Thete was, 
as he knew, a guod deal of jealonsy amongst the © regular” 
men that o colliery brakesman should pretend te know more 
about their engine than they themmelves did, and attempt 
tu remedy defucts which the most skilled mon of their craft, 
inclnding the engineer of tho colliery, had failed to do. 
But George male the condition a sine qué nen, “Tho 
workmen,” said he, “must either be all Whigs or all 
Tories.” ‘There was no help for it, bo Dodds ordered the 
old bands tu stand aside. he men grumbled, but gave 
way; and then George and his purty went in. 

The engino was teken entirely to piocos. The cistern 
containing tho injection water was reised ten fib; the 
injectiun cock, being téo small, wax enlarged to newly 
double its former size, and it was so arranged that it 
should bo shut off quickly at tho beginning of tho stroke. 
These and other alterations were necessarily performed in 
arongh way, but, ax tho result proved, on true prinriples. 
Stephenson also, finding that the boilor would bear a 
egreater pressure thun five pounds to the inch, determines. 
tu work it at 9 pressure of ten pounds, though this wi con 

to the directions of both Newcomen aml Smeaton, 
The necessary alterations wore made in about three days, 
and many persons came to evo the engine start, ineluding 
the men who had put her up. The pit being nearly full of 
‘water, she had little to do on starting, and, to use George's 
words, “came bounce into the house.” Dodd exclaimed, 
“ Why, she was better as she was; now, she will knux:k the 
louse down.” After a short time, however, the engine got 
fairly to work, and by ten o’ckock that night the water was 
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fower in the pit than it had ever been before. It was kept 
pumping ali Thursday, and by the Friday afternoon the 
pit was cleared of water, and the workmen were “sent to 
the bottom,” as Stephenson had promised. Thus the 
alterations effected in the pumping apparatus proved com- 
pletely successful. 

Dodd» was particularly gratified with the manner in 
which the jub bad been done, and he made Stephenson a 
prewnt of ten pounds, which, though very inadequate when 
cumpare] with the value of the work performed, was ac- 
cepted with gratitude. George was proud of the gift aa the 
first marked reougnition of his skill as a workman ; and he 
used afterwards to say that it was the biggest sum of money 
he had up to that time earned in one lump. Ralph Dodds, 
however, did more than this. He released the brakeaman 
from the handles of hin engine at West Mvoz, und appointed 
him engiueman at tho High Vit, at good wages, during the 
time the pit was sinking,—the job lasting fur about a 
year, und he also kept him in wind for further advance- 
ment, 

Stephenson's skill as an engine-doctor soon became noised. 
abroad, and be was called upon to prescribe remedies for alll 
the old, wheezy, und ineffective pumping-muchines in the 
neighbow hood. In this eapacity he soon left the “regular” 
men far behind, though they in their turn were very mach 
disposed tu treat the Killingworth brakesman as no better 
than a quack. Nevertheless, his practice was really founded- 
upon & close study of the principles of mechanics, and on 
an intimate practical acquaintance with the details of the 
pumping-engine. 

Another of his smaller achievements in the same line ‘4 
still told by the people of the district. At the corner of the 
road leading to Long Benton, there was a quarry from which 
a peculiar and scarce kind of ochre wastaken. In the course 
of working it ont, the water had collected in considerable 
quantities; and there being no means of draining it off, it 
accumuinted fo such an extent that the further working of 
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the ochre was almost entirely stopped. Ordinary pumps were 
tried, and failed ; and then a windmill was tried, and failed 
too. On this, George was asked what onght to lw done to 
clear the quarry of the water. He mid, “ho would sot 
up for them an engine little bigger than ao kail pot, that 
would clear them vut ina week.” And he did so. A little 
engine wag xpecdily erected, by means of which the quarry 
was pumped dry in the come of a few daya ‘Thun hin 
ekill os a pump-loctor sven became the marvel of the 
district. 

Jn elastic muscular vigour, Stephenson wax now in his 
prime, and ho still continued to be zealous in measuring his 
étrength and agility with his fellow workmen, The com- 
petitive clement in his nature wax always strong; and his 
success in these foats of rivalry was certainly remarkable, 
Few, if any, conld lift such weight», throw tho hammer and 
putt the stono no far, or cover nu great a ape at a ptanling 
or rpnning leap. One diy, between the engine honr and the 
rope-rolling hour, Kit Heppel challenged him te leap fiom 
ono high wall to another, with a decp gap between, To 
Heppel’s snrpriso and disinay, George took the standing 
leap, and cloured tho cleven foot at a hommd. Tad his eye 
been les uccurate, or his limbs les agile and aura, the font 
must have cont him his life. 

But so full of redundant mwoular vigent wan he, that 
leaping, putting, or throwing the hanmer were not enough 
efor him. Tlo was also ambitious of riding on horschuck, 
and, as he had not yet been promoted to an office enabling 
him to keep a horse of his own, he sometimes borrowed one of 
the gin-horses for a ride. On one of these occasions, bo 
brought tho animal back recking; when Tommy Mirche- 
son, the bank horne-keeper, a ruugh-poken fellow, oxcluimed 
to him: “Set such fellows as you on horseback, and you'll 
soon ride to the Del.” But Tommy Mitchesm lived te 
tell the joke, and to confess that, after all, there had ben a 
better issue to George's horsemanship than that which he 
predicted. 
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Old Cree, the engine-wright at Killingworth High Pit, 
having been killed by an accident, George Stephenson wi 
in 1812, appointed engino-wright of the colliery at t 
salary of 100L a year. He was also alluwed tho use of 
gulloway tv ride upon in his visits of inspection tv t] 
collicrien leased Ly the “Grand Allies” in that neighbou 
howl, The “Grand Allies” were a company of gentleme 
consisting of Sir Thomas Liddell (afterwards Lord Haven 
worth), the Earl of Strathmore, anu Mr, Stuart Wortle 
(afterwunts Lord Wharnclific), the lusecs of the Killin; 
worth collicrios, Tlaving becn informed of the meiith 
Stephenson, of his indofitigalle industry. and tho wki 
which he had displayed in the repairs of the punpiny 
cngiwn, they readily acceded to Vir, Dodds’ reecmmendittic 
that he should be appointed tho culliay enginewrigh: 
and, as wo shall afterwards find, they coutinued te honut 
him by distinguished marks of their approval. 
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CHAPTER IV. 


‘Tae Srermexsons at Kivtinaworra — Eprcation anp 
Scur-Epvcatton oy Faraxr ano Son. 


Grorat Sterarysoy had now ben diligently employed fur 
several years in the work of self-improvement, aud he xy 

dienced the usual results in inceaing mental ptrcngih, 
Capability, and skill, Perhaps the secret of cvery mann 
Tent, success is to be found in the alacrity and mdutry 
with which die takes advantage of the opportunities which 
prerent thempelves for well-doing. Gur engineman wast an 
eminent illustration of the importance of cultivating thiv 
habit of lift. Every spare moment was laid under contrilm- 
tiun by him, vithor for the purpose of adding to his carnuyss, 
or to his Inowledge. He mised no opportunity of catund- 
ing his observations, especially in bis own department of 
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work, over aiming at improvement, and trying to turn all 
that he did know to useful practical acoount. 

He continued his attempts to solve the mystery of Per- 
petual Motion, and contrived several model machines with 
the object of embodying his ideus in @ practical working 
shape. Tle afterwards used to lument the time he had lost 
jy those fatile offurts, and suid thut if he bad gnjuyed the 
opportunity which most young men now have, of learning 
from books what previous experimenters had accomplished, 
he would bave been spared much labour aud mortification. 
Not boing acquainted with what other mechanics hud 
donc, he groped his way in puruit of sume idea originated 
by his own independent thinking and observation; and, 
when he hud brovght it intv sumo definite form, lu! he 
found that his supposed invention had long been known and 
recorded in scientific buuks. Often he thought he hud hit 
upon discoverics, which ho suboeyucntly found were but old 
and oxploded fallacies. Yot his vory struggle to overcome 
the diffioultics which lay in his way, was of itself an educa- 
tiun of thu best sort. By wrestling with them, ho etrength- 
ened his judgment and sharpened his skill, stimulating and 
cultivating Lis inventivence and mechanical ingenuity. 
Boing very much in earnest, he was compelled to consider 
the subjoct of his special inquiry in all its relations; and 
thus he gradually acquired practical ability even through 
his very effurte after the impracticable. 

Many of his evenings weie now spent in the society of 
John Wigham, whose father occupied the Globe Farm at 
Bentou, cluse at hand. John was a fair penman and a 
sound arithmetician, and Stephensun sought his society 
chiefly for the purpose of improving himself in :vriting and 
“figures.” Under Andrew Robertson, he had never quite 
taastered the Rule of Three, and it was only when Wigham 
took him in hand that he mude much progress in the higher 
branches of arithmetic. He generally took his slate with 
him to the Wighams’ cottage, when he had his sums zet, 
that he might work them out while tending his engine on 
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the following day. When too busy to be able to call npon 
Wigham, he sent the slate to have the former sine cor- 
tected and new ones set. Sometimes also, at leisure mo- 
ments, he was enabled to do a little “figuring” with 
chalk upon tho sides of the coal-waggons, So much patient 
pereeverance could not but eventually succeed ; and by dint 
of practice and study, Stephenson way enabled to master 
successively the various rulcs of arithmetic. 

Jobn Wigham was of great use to his pupil in many 
ways, Ho was » gvod talker, fond of argument, au exten- 
rive reader as country reading went in those days, and a 
very suggestive thinker. Though his sture of information 
might be comparatively small when measured with that of 
moro highly-cultivated minds, much of it was entirely new 
to Stephenson, who regarded him as a very clever and 
ingenious person. 

Wigham tanght him to draw plans and sections ; though 
in this branch Stephensun proved eo apt that he soon sur 

hix master. A volume of ‘Fergunon's Lectures on 
Mechanics,’ which fell into their hands, was a great treamnte 
to both the students. Onbd who remembers thoir evening 
vccupations says he used to wonder what thoy meant by 
weighing tho air and water in so odd away. They wee 
trying the specific gravitics of objects; and the devices 
which they employed, the mechanical shifts to which they 
were put, were often of the rudost kind, In these evening 
eatertainments, the mechanical contrivances wore supplicd 
by Stephenson, whilst Wigham fund the scientific rationale. 
The opportunity thus afforded to the formor of cultivating 
hia mind by contact with one wiser than himself proved of 
great value, gnd in afterlife Stephenson gratefully remem 
bered the assistance which, when a humble workman, h» 
had derived from John Wigham, the farmer's son. 

His leisure moments thus carefully improved, it will b+ 
iferred that Stephenson continued a sober man. Though 
his notions were never extreme on this point, he way 
systematically temperate. It appears that on the invitation 
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of his master, ho had, on ane or two occasions, boen indneed 
to join him in a forenoon glass of ale in the publio-house of 
the village. But one day, about noon, when Dodda had got 
hia ay far as tho public-house.door, on hiv invitation to 
come in and take a glass ¢' yel,” Stephenson made a dead 
atup, and said, firmly, “No, sir, you must excuse me; J have 
tule a resolution to drink no more at thie time of day.” 
And be went buck. Te desired to retain the character of 
& btewdy workman; and the instancen of men about him 
who had made shipwreck of their character thruugh intm- 
perance, wore then, as now, uuhappily bat tog frequent. 

But another consideration besiden Lis own selfimprove- 
ment bad already begun to eacrcine an important influence 
on his lift. This was the training and education of his 
wn Robert, now growing up an active, intelligent boy, a» 
full of fun and tricks a» bin futher had been, When o 
little follow, seurcrly able tu reach # high as to put a cluck- 
head on when placed upou the table, bir father would make 
him mount a chair for the purpow; and to “help father” 
wan the proudest work which the boy then, aud ever after, 
could take part in. When the“little engine was oct up at 
the Qchre Quarry to pump it dry, Rubert was searecly 
alwont for au hour, fle watched the machine very eagerly 
when it was pet to work; and be was very much annoyed 
at the fins burning away the gmts The man who fired 
the engine was a sort of wag, and thinking to get a laugh 
at the boy, he said *'Thow: bam are getting vana bad. 
Robert; 1 think we maun cnt up some of that bard wood, 
and put it in instead.” « What would be the we of thut, 
you tool’” said the boy quickly. “You would no pooner 
have put them in than they would be burat oyt again!” 

So som as Robert was uf proper age. his father sent him 
aver to the road-side school at Long Renton, kept by Rattér, 
the parish clerk. But the education which Kutter could 
give was of a vory limited kind, scarcely extending beyund 
tho primer and pothooks, While working as a brakesman 
on the pit-head at Killmgworth, the fathn had often 
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be thought him of the obstrictions be had hiws IF aimee 
tend) om hfe though hy want of shodmz ond he 
formed the noble determmation thit no Libor puns 
net Sik mal on Ins pat should Tk spend te farsi los 
wp with the best cdnotun that it was in his powcr te 
Tastow 
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Ttis tre hits Cemuings wer comparatiy dy emi at that 
tune le Wag oti muntanen,s his infirm parents und the 
cet cf hying amtnud avecseve Tut he tll Tack upen 
Ins"old capedint ef working up lis spac tine in the 
tsenmys at bony or dunng the nicht aluits whin it wo 
Jas turn to tund the cng, mom nding and meakung shoes 
Geanmg clocks und watches mak ng shor lasts ter the nh + 
makers of the nogbanhosd and citing out th pit 5 
clothes fur thar wives, and we have bun tuld thar te this 
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day there are clothes worn at Killingworth made after 
“Geordy Steevie's cut.” To give his own words —" In the 
earlier period of my career.” suid he, “when Robert was @ 
Tittle buy, 1 saw how deficient [ was in etusation, and 1 
mate up my mind that he should not labour under the same. 
defe-et, but that ] would put him to a good school, and give 
hius a liberal training, J wax however, a poor man; and 
how do you think | managed 7 I betouk myself ty mending 
any neighbours’ clock» aud watebes at night, after my 
daily Inbaur was done, and thus I procured the means of 
educating my son.” * 

Currying out the resulution as to his buy's educativn, 
Robert wan sent to Mr. Bruce's whool in Perey Street, 
Newcastle, at Midsummer, 1815, when he was about twelve 
years old. His futher bonght for him a donkey, on which 
he rode into Neweantle and buck daily: aud there are many 
Mill Jiving who remember the little boy, drewed in hip suit 
of homely grey stuff, cut ont by hi father, cante rin, 
to school upon the “cuddy,” with his wallet of provisiuns 
for the day and hin bay of books slung over his shoulder. 

When Robert went to Mr. Bruce's school, be was a shy, 
unpolished country Ind. speaking the bruad dialect of the pit- 
men; aud the ather boys would acasionally tease him, for the 
purpose of provoking an outborst of his Killingworth Doric 
‘As the shyness got rubbed off, his love of fun bogun to show 
itvlf, and he was found able enough to bold his own 
amongst the other boys, A» a schular he was steady and 
diligent, and hiv master was accustomed to hold him up to 
the Jageards of the school as an example of good conduct 
and industry. But his progress, though sutisfactory, was by 
9 means extraordinary. He used in after life to pride 
himeelf on his achievements in mensuration, though anuther 
boy, John Taylor, beat him at arithmetic. He alo made 








8 ‘at Newcastle, on the [of the Newoastle and Darlingtoo 
15th Serre 1844, at - meeting I Railway. 
bald in celebration of the opening | 
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considerable progress in mathematies; and in a tte: 
wnitten to the sun of hix teacher, many years atter, he saul, 
“Pt was te Mr. Braces tuition and methods of mod ding 
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the mind that I atrribate much of my neces as an on 
siner; for it was from him that 1 daived my tote for 
math matical pursnits and the facility 1 possess of applying 
this hind uf knowledge to practical purposes and modify ing 
it according & circumstance.” 

During the time Robert attended school at Newcastle, 
his father made the boy’s education instrumental to his 
own, Rubert was uccustumed to gpend some of Tun spare 
time at the rooms of the Literary and Ptulesophial Instr 
tute; and when he went home in the evening, he weuld 
Tecount to his father the results of hus nading. utavtunes 
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be was allowed to take with him to Killingworth s volume 
of the ‘Repertory of Arts and Sciences, which father and 
won studied together. Hut many of the most valuable 
works belonging tu the Newcastle Library were not lent 
out; there Robert wus instructed to read and rtudy, and 
bring away with him desriptions and sketches fur hin 
father’s information. Tlis father also practised him in 
reading plana and drawings withont reference to the 
written deseriptions. He used to observe that © A guod plin 
should always explain iteclf:” and. placing « drawing uf 
un engine or machino before the youth, would pay, “There, 
now, doseriby that to mo— the arrangement and the action.” 
Thon he taught him to read a drawing an easily an he 
would read a page of a buck. Both futher and son profited 
hy this eacellont practice, which enabled them te appre- 
hend with the greatest facility the details of even the most 
diffienlt and complicated mechanical drawing. 

While Robert went on with bie lesons in the evenings, 
his father was wally occupied with bin watch aud clock 
cleaning; or in contriving models of pumping-engines : or 
ondeavuuring to cmbedy in a tangible shape the mechanical 
inventions which he fuund described in the odd volumes on 
Mechanies which fell in bis way. This duily and unceasing 
example of industry and application, in the person of a 
loving and beloved father, imprinted iteelf deeply upon the 
boy's heart in characters never to be effaced. A spirit of 
self-improvement was thus carly and carefully planted aad 
funterod in Robert's mind, which continued to influence 
him through life; and to the close of his career, he waa 
proud ta confiss that if his professional success bad been 
great, it was mainly to the example and training of bir 
father that he owed it. 

Robert war not, buwever, exclusively devoted tu study, 
but, like must boys fuli of animal spirits, he was very fond 
of fun and play. und sometimes of mischief. Dr. Brace 
relates that an old Killingworth labourer, when asked by 
Robort, on ono of his last visite to Newcastle, if be remeuy 
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beied him, replied with emotion. “ Ay, indeed! Haven't I 
paid your boad many a time when came with your 
father'n bait, for you were alwoys a cad hempy °” 

‘The author hal the pleasure, in the year 1854, of accom 
panying Rubert Stephenson on a visit to his okt home und 
haunt. at Killingworth, He had so eften travelled the 
read upon bin donkey 16 and from school, th 
hoturn in it se 
Hix 
nygwerth pit 














of it was familiar to him; and 
recall to mind seme incident « 
glintened when be came 
Pointing to a humble red. + by the roud side at 
Bentem, he mid, © You see that here that Rutters, 
where Tkearat my AB Cland made a degrioy 
reboot larniag. And there.” pointing te a coll 
wey on the left, “there in Long Benton, where my father 
put up his first pamping sagine: and a yoeat sevens it 
was, And this hmuble clay floured cottage you se here, is 
where my grandfather lived tll the clone of his life. Many 
atime have LT ridden straight inte the house, weounted on 
my euidy, and called upon grandfather to admire hin 
polaty 1 remember the old nim feeling the nnimal ial 
vver—he was then quite blind -after which he would 
Gilute upon the shape of hix com, fetlocks, ant qnartorn, 
and usually end hy hits te bea te 
wana great favenrite with the old aman, who continued 
very find of animals, and cheerfid te the bet, and tf 
believe nothing gave him greater phastre than a visit from 
me and iny cuddy.” 

On the way from Benton ts High Killingworth, Mr. 
Stephenson pointed to a corner of the ruad where be had 
onco played a buyish trick upon a Killingworth evlicr. 
“ Struker,” maid he, “wana great bully, « cours, swearing 
fellow, and a perfect tyrant amongst the women and 
children. Io would gy tearing ints old Nanny the 
huxter’s shop in the village. and demand in a mya: voive, 
‘What's ye’r best ham the pund?’ ‘What's floor the 
hunder?’ * What d’ye ex fur prime bacon *"—his quo~tions 
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often ending with the miserable order, accompanied with a 
tremendous cath, of ‘ Gie’s a penny rrow (rol?) an’ a baubes 
herrin!’ The poor woman was usually set ‘all of a shake’ 
by a visit from this fellow. He was also a great bosster, 
and used to crow over the robbers whom he had put to 
flight; mere men in buckram, as everybody mew. We 
boys,” he continued, “believed him to be a great coward, 
and determined to play him a trick, Two othar boya 
joined me in waylaying Straker one night at that corner,” 
pointing to it. “We sprang out and called upon hin, in 
as graff voices as we conld assume, to ‘stand and deliver!’ 
He dropped down upon his knees in the dirt, declaring he 
‘was @ poor man, with a sma’ family, asking for ‘mercy,’ 
and imploring us, as ‘gentlemon, for God's sake, t’ let him 
a-be!’ We oouldn’t stand this any longer, and set up a 
thout of langhter. Recognizing our boys’ voices, he sprang 
to his foct and rattled out a volloy of oaths; on which 
we cut through the hedge, and heard him shortly after 
swearing his way along the road to the yel-house.” 
On another occasion, Robert played a series of tricks of 
&@ somewhat differont character.” Like his father, he was 
very fond of reducing his scientific reading to practice; and 
after studying Franklin's description of the lightning expe- 
iment, he proceeded to expend his store of Saturday 
pennies in purchasing about half a mile of copper wire at 
a brazier's shop in Newcastle. Having prepared his kite, 
he sent it up in the field opposite his father’s door, and 
bringing the wire, msulated by meana of a few feet of silk 
ord, over the backs of some of Farmer Wigham’s cows, he 
soon had them skipping sbout the field in all directions 
with their tails up. One day he had his kite flying at the 
as his father’s galloway was hanging by the 
bridle to the paling, waiting for the master to mount, 
Bringing the end of the wire just over the pony’s crupper, 
eo emart an electric shook was given it, that the brute was 
almost knocked down. At this juncture the father ixsned 
from the door, riding-whip in hand, and wes witness to the 
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aver-heai, to which access was obtained by means of a step» 
ladder. But with his own hands Stephenson built an oven, 
and in the course of time he added rooms to the cottage, 
until it became a comfortable four-roomed dwelling, in 
which he lived as Jong as he remained at Killingworth. 

He continued as fond of birds and animals as ever, and 
seemed to havo the power of attaching them fo him ina 
remarkable degree. He had a blackbird at Killingworth 
80 fond of him that it would fly abont the cottage, and on 
holding out his finger, would come and perch upon it. A 
cage was built for “blackie” in the partition between the 

the room, a square of glass forming its outer 
wall; and Robert used afterwards to take pleasure in 
describing the oddity of the bird, imitating the manner in 
which it would cock its head on his father’s entoring the 
nouse, and follow him with its eye into the inner apart- 
ment. 

Neighbours were acoustomed to call at the cottage and 
have their clocks and watches set to rights when they went 
wrong. One day, after looking at the works of a watch 
left by a pitman’s wife, George handed it to his son; “ Put 
her in the oven, Robert,” said he, “for a quarter of an hour 
or ao.” It seemed an odd way of repairing a watch; never- 
theleas, the watch was put into the oven, and at the end of 
the appointed time it wes taken out, going all right The 
wheels had merely got clogged by the oil congealed by the 
cold; which at once explains the rationale of the remedy 


There was a little garden attached to the cottage, in 
which, while a workman, Stephenson took a pride in grow- 
ing gigantic leeks and astounding cabbages. : There was 
great competition amongst the villagers in the growth of 
vegetables, all of whom he excelled, excepting one of his 
neighbours, whose cabbagea sometimes outshone his. In 
the protection of his garden-crops from the ravages of the 
birds, he invented a strenge sort of “fley-craw,” which 
moved its arms with the wind; and he fastened his garden- 
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door by means of a piece of ingenious mechanism, so that 
no one but himself could enter it. His cottage was quite a 
curiosity-shop of models of engines, self-acting planes, and 
perpetual-motion machines. The last-named contrivances, 
however, were only unsuccessful attempts to solve a problem 
which had effectually baffled hundreds of preceding in- 
ventors. His odd and eccentric contrivances often excited 
great wonder amongst the Killingworth villagere. He won 
the women’s admiration by connecting their cradles with 
the smoke-jeck, and making them self-acting. Then he 
astonished the pitmen by attaching an alarum to the clock 
of the watchman whose duty it was to call them betimes in 
the morning. Hoe also contrived a wondorful lamp which 
‘burned under water, with which he was afterwards wont to 
amuse the Brandling family at Gosfurth,—going into the 
fish-pond at night, lamp in hand, attracting and catching 
the figh, which rushed wildly towards the flame. 

Dr. Broce tells of a competition which Stephenson had 
with the joiner at Killingworth, as to which of them could 
make the best shoe-last; and when the furmer had done his 
work, either for the humour of the thing, or to seoure fair 
play from the appointed judge, he took it to the Morrisons 
in Neweastle, and got them to put thoir stamp upon it. So 
that it is possible the Killingworth brakesman, afterwards 
the inventor of the safety lamp and the originator of the 
railway system, and John Morrison, the last-maker, after- 
wards the translator of the Scriptures into the Chineso 
language, may have confronted each other in solemn con- 
templation over the successful last, which won the verdict 
coveted by its maker. 

Sometimes he would endeavour to impart to his fellow- 
workmen the results of his scientific reading. Everything 
that he learnt from books was so new and 90 wonderful to 
him, that he regarded the facta he drew from them in the 
light of discoveries, aa if they had been mado but yesterday. 
Onoe he tried to explain to some of the pitmen how the 
earth was round, and kept turning round. But his auditors 
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flatly declarod the thing to be impossible, as it was clear 
that “at the bottom side they must fall uff!” “Ah!” said 
George, “you don’t quite undorstand it yet.” His son 
Robert also carly endeavoured to communicate to others 
the infurmation which he had gathered at school; and Dr. 
Bruco has related that, when visiting Killingworth on one 
cocasion, ho found him engaged in teaching algebra te such 
of the pitmen’s boys a would become his pupils. 

While Iobert was still at school, his father proporned to 
hin during the holideys that he should construct a sun-dial, 
to be placed over their cottage-duor at West Moor, “I 
expostalated with him at first,” anid Robert, “that I had 
not learnt eufficient astronomy and mathematics to enable 
me to make tho necessary calculations. But he would have 
no denial. ‘Tho thing is to be done,’ said he ; ‘80 just set 
about it at once” Well; we got a ‘Ferguson's Astronomy,’ 
and studied the subject togethea. Many a sure head I had 
while making the necessary calculations to adapt tho dial 
to the latitude of Killingworth. But at longth it was fairly 
drawn out on paper, 
and then my father got 
a stone, and we hewed, 
and carved, and polish- 
ed it, until we made 
@ very respectable dial 
of it; and there it is, 
you see,” pointing to 
it over the cottage- 
door, “still quietly 
numbering the hours 
when the gun is shin- 
ing. I assure you, mvt 
a little was thought of 
that piece of work by 
the pitmen when it 
was put up, and began to tell its tale of time” The date 
carved upon the dial is “August 11th, mpccoxyi” Both 
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father and son were m after-life very proud of the joint 
production. Many ycarsafter, George took a party of savans, 
when attending the meeting of the Britieh Association at 
Newoastle, over to Killingworth to see the pits, and he did not 
fail to direct their attention to the sun-dial; and Rubert, on 
the last visit which he made to tho place, a short time 
before his death, took a friend into the cottage, and pointed 
out to him the very desk, still there, at which he had sat 
whilo making his calculations of the latitude of Killingworth. 
From the time of his appointment as engineor at the 
Killingworth Tit, George Stephenson was in a mensure 
relieved from the daily routine of manual labour, having, 
as wo have seen, advanced himself to the grado of a higher 
class workman. But ho had not ccased to be a workor, 
though he employed his industry in a difforent way. It 
might, indeed, be inferred that he had now the command of 
greater leisure; but his spare hours were as much as over 
given to work, either necessary or self-imposed. So fur as 
his social position, he had already reached tho 
summit of his ambition ; and when he hud got his hundred 
@ year, and his dun galloway to ride on, ho said he nover 
wanted to be any higher. Whon Hobert Whetherly offored 
to give him an old gig, his travelling having so much 
increased of late, he accepted it with great reluctance, 
observing, that he should be ashamed to get into it, “ people 
would think him so i 
« When the High Pit had been sunk, and the coal was 
ready for working, Stephenson erected his first winding- 
engine to draw the coals out of the pit, end also a pumping- 
engine for Long Benton Colliery, both of which proved quite 
successful. »Amongst other works of this time, he projected 
apd laid down a self-acting incline along the declivity 
which fell towards the coal-loading place near Willington, 
where he had officiated as brakesman; and he so arranged 
it, that the full waggons descending drew the empty 
‘waggona up the railroad. This was ons of the first self: 
acting inclines laid duwn in the district. 
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Stephenson had now much better opportunities than 
hitherto for improving himself in mechanics. His familiar 
acquaintance with the steam-engine proved of great value 
tohim. Ilis shrewd insight, and his intimate practical ac- 
quaintance with its mechanism, enabled him to apprehend, 
as if by intuition, its most abstruse and difficult combina- 
tions. The practical study which he had given, to it when 
@ workman, and the patient manner in which ho had groped 
his way through all tho details of tho machine, gave him 
the power of @ master in dealing with it as applied to 
colliery purposes, 

Sir Thomas Liddell was frequently about the works, and 
twok pleasuro in giving covery encouragement to the engine- 
wright in his offorts after improvement. The subject of 
tho locomotive engino was already closely occupying 
Stephenson's attention; although it was still regarded ob 
® curious and costly toy, of comparatively httle real use. 
But he had ut en carly period detected its practical value, 
and formed an adequate conception of the might which as 
yet slumbered within it; and ho, now bent his entire facul- 
ties to the development of its extraordinary powers. 
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CHAPTER V. 


Easty History or tHe Locomomve— Groat Srxrnznson 
BEGINe Irs LarRovEXENT. 


Tar rapid increase in the coal-trade of the Tyne about the 
beginning of the present ocntury had the offoct of stimu- 
lating the ingenuity of mechanics, and enoonraging them 
to devise improved methods of transporting the coal from 
the pits to the shipping places, From our introductory 
chapter, it will have been ubscrved that tho improvements 
which had thus far been effect<l were confined almost en- 
tirely to tho road. The railway waggons still continued to 
‘be drawn by horses. By improving and flattening tho 
tramway, considerable economy in hore-power had indeed 
been socured; but unless some muro effective wethed of 
mechanical traction could Le devised, it was clear that rai)- 
way improvement had almost reachud its limits. 

Many expedients had been tried with this object. Ouse 
of the earliest was that of hoisting sails upon the waggun, 
ond driving thom slong the waggon-way, us a ship ix driven 
through the water by tho wind. This method seems to 
have been employed by Sir Tumphrey Mackworth, an 
ingenious ooal-miner at Neath in Glamorganshiro, about the 
end of the seventeenth 

After having boon lost sight of for more than a century, 
the same plan of impelling carriages wea rovived by 
Richard Lovell Edgworth, with the addition of a portable 
rdilway, since revived also, in Boydell’s patent. Dut 
although Mr. Edgworth devoted himself to the subject for 
many years, he failed in securing tho adoption of his sailing 
carriage. It is indeed quite clear that a power s0 uncertain 
a wind could never be relied on for ordinary traffic, and 
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Mr. Edgworth’s project was consequently left to repose in 
the limbo of the Patent Office, with thousands of other 
equally useless though ingenious contrivances. 

A much more favourite scheme was tho application of 
team power for the purposo of carriage traction. Savery, 
the inventor of the working stcam-engine, was the first to 
propose its employment to prope vehicles along the common 
roads; and in 1759 Dr. Rubison, then a young man study- 
ing at Glasgow College, threw out the same idea to his 
friond James Watt; but tho scheme was not matured. 

Tho first locomotive steam-carriage was built at Paris by 
the French engincer Cugnot, a native of Lorraine. It is 
said to have been invented fur the purpose of dragging 
cannon into tho field independent of horses. The original 
model of this machino was made in 1763. Count Saxo waa 
eo much ploased with it, that on his recommendation o full- 
gizod ongine was constructed at the cost of the French 
monarch; and in 1760 it was tried in tho presence of the 
Duc de Choisoul, Minister of War, General Gribeauval, and 
other officers. At one of the experiments it ran with such 
force as tv knock down a wall in its way. But the new 
vehicle, loaded with four persons, could not travel faster 
than two and a half miles an hour. The boiler was in- 
sufficient in size, and it could only work for about fifteen 
minutes; after which it was necessary to wait until the 





steam had again risen to a sufficient pressure. To remedy 
this defect, Cugnot constructed a new machine in 1770, 


mar. V. EVANS AND SYMINGTON. 65 


the working of which was more satisfactory. It was oom- 
weed of two parte—the fore part consisting of a small 
steam-engine, formed of a round copper builer, with o 
furnace inside, provided with two small chimneys and two 
single-ecting brass steata cylinders, whose pintoux acted 
alternately upon the single driving-wheel. The binder 
part consistel merely of a rude carriage on two wheels to 
carry thy lvad, furnished with a seat in front for the 
conductor, This engine was tried in the streets of Parix; 
but when passing near whore the Madeleine now stands, it 
overbolanced itelf on turning a corner, and fell over with « 
crush ; after which, its employment being thought danger- 
ous, it was locked up in the arsenal to prevent further 
mirchief, Tho machine is, however, still to be seen in the 
eollection of the Conservatoire des Arts ot Métions ut Parin. 
It hay very mach the look of a long brewer's cart, with 
the addition of the circular boiler hung on at one end, 
Rough, though it looks, it was a highly ereditable pices of 
work, considering the period at which it wus eaccuted; 
and as the first avtual machine constructed fur the purpure 
of truvelling on ordinary roads by the power of steam, it is 
certainly a most curivus and intoresting mochanical relic, 
well worthy of preservation. 

But though Cugnot's road locomotive remainell locked up 
from public sight, the subject was not dead; fur we find 
inventury employing themselves from time to time in 
atfunpting ty solve the problem of steam locomotion in 
places far remote from Paris. Tho idea had taken rvot in 
the minds of inventors, and wus striving to grow into 
reulity, Thus Oliver Evans, the American, invented « 
steam-carriage in 1772 to travel on common roads; in 1787 
he pbtained from the State of Maryland an exclusive right 
to muho and use steam-carriuges, but his invention never 
came into “se. Then, in 1784, William Symington, one of 
the early inventors of the steamboat, was similarly occupied 
in Sovtland in endeavouring to develope the latent puwera 
of the steam-carriage. He had a working model of one con 

v. v 
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structed, which he exhibited in 1786 to the professors of 
Fdinihurgh College; but the state of the Scotch roads was 
then so bad that he found it impracticable to proceed farther 
with his scheme, which he shortly after abanduned in 
favonr of steam navigation, 

‘Tho samo yeur in which Symington was oceupied upon 
hi» steum-carriage, William Murdock, the friend and assistant 
of Watt, constructed his 
model of a locomutive at 
the apporite end of the 
isnland—at Redruth in 
Cornwall. THis model was 
of small dincusivns, stand- 
ing little moro than a foot 
high; und it was until 
reountly in the possession 
— of the sun of the inventor, 
facut ster tomes at whose house we saw it 
a fow years ago. The annexed section will give an idea of 
the urrangements of this machiae. 

It acted on the high-pressure principle, and, liko Cugnot's 
engine, ran upon three wheels, the builer being heated by a 
npiritlamp. Small though the machine was, it went 60 
faut on one occasion that it fairly outran its inventor. It 
seems that one night after returning from his duties at the 
Redruth mine, Murdock determined to try the working of 
his model locumotive, For this purpose he had recourse to 
the walk leading tu the church, about a mile from the town. 
dt wos rather narrow, and was bounded on each side by 
high hedges. The night was dark, and Myrdock set out 
alove to try his experiment. Having lit his lamp, the 
water boiled specdily, and off started the engine with" the 
inventor after it, He soon heard distant shouts of terror. 
It was too dark to perceive objects; but he found, on 
following up the machine, that the cries proceeded from the 
worthy pastor of the parish, who, going towards the town, 
was met on this lonely road by the hissing and fiery little 
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monster, which he subsequently declared ho had taken to be 
the Evil Ono in proprid persond. No further steps were. 
however, taken by Murdock to embody his idea of » 
locomotive carriage in a more practical form. 

The idea was next taken up by Murdock’s pupil, Bichard 
Trevithick, who resolved on building a steum-carringe 
adapted for common roads as well os railways. Ho took 
vut @ patent to secure the right of hix invention in 1802. 
Andrew Vivian, his cousin, joined with him in tho patent— 
Vivian finding the money, aud ‘Trevithick tho brains. 
The stearo-carriago built on this patent presented the 
appearance of an ordinary stage-coach on four wheels. ‘The 
engine had ono horizonti) cylinder, which, together with 
the builer and the furnace-bux, was placed in tho rear of the 
hind axle. ‘Tho motion of the pistun was transmitted to a 
separate crank-axle, from which, through the medium of 
spur-geur, the axle of the driving-wheel (which was mounted 
with » fiy-wheel) derived ity motion. The steam-oockw and 
the fure~pump, as also the bellows used for the purpose of 
quickening combnation in the furnace, were worked off the 
same crank-axle. 

John Petherick, of Camborne, has related that ho remezu- 
bers this first English steam-cuach passing along tho prin- 
cipal street of his native town. Considerable difficulty wan 
experienced in keeping up the pressuro of team; but when 
there was pressure enough, Trevithick would call upon the 
people to “ jump up,” sv as to create a load upon the engine. 
it was soon covered with men attracted by the novelty, nor 
did their number seem tv make any differonce in the spend 
of the engine so long as there was steam enough ; but it was 
oonstantly ranning short, and the horizontal bellows failed! 
to keep it up. 

‘This road-locomotive of Trevithick’s was one of the fimt 
high-pressure working engines constructed on the principle 
of moving a piston by the elasticity of steam against the 
pressure only of the atmosphere. Such an engine had laxn 
described by Leopold, though in his apparatus it was pri- 

v2 
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posed that the pressure anould act only on one side of the 
piston. In Trevithick’s engine the piston was not only 
rained, bot was aluo depressed by the action of the steam, 
being in this respect an ontirely original invention, and of 
great merit. Thorteam was admitted from tho boiler under 
tho piston moving in a cylinder, impelling it upward 
When the motion hal reached its limit, the communication 
between the piston and the under side was shut off, and the 
team allowed to escape into the atmosphere. A parsage 
being then opened betweon the boiler and the upper side of 
the piston, which wus pressed duwnwards, the steam was 
again allowed to cscape as before. Thus tho power of the 
engine was equal to the difference between the pressure of 
the atmosphiro and the clusticity of the steam in the 
boiler. 

This eteam-carringe excited considerable interest in the 
remote district neur the Land's End whero it had been 
erected. Being so far romoved from the great movements 
and enterprise of the commercial world, Trevithick and 
Vivian determined upon exhibiting their machino in the 
metropolis. They accordingly sct out with it to Plymouth, 
whence it was ounveyed by sea to London. 

The carriage safely reachod the metropolis, and excited 
much public interest. It also attracted the notice of 
scientific men, amongst others of Mr. Davies Gilbert, 
President of the Royal Society, and Sir Humphry Davy, 
both Cornishmen like Trevithick, who went to seo the 
private performances of the engine, and were greatly ploased 
with it. Writing to a Cornish friend shortly after its 
arrival in town, Sir Humphry said: “Ishall soon hope to 
hear that the roads of England are the hauuts of Captain 
Trevithick’s dragons—a charactcristicname.” ‘I he machjne 
was afterwards publicly exhibited in an enclosed piece of 
ground near Euston Squarc, where the London and Nortb- 
Western Station now stands, and it dragged behind it a 
wheel-carriage full of passengers. On the second dey of 
the performance, crowds flocked to see it; but Trevithick, 
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in one of hia odd freaks, shut up the place, and shortly after 
removed the engine. It is, however, probable that the 
myentor came to the conclusion that the state of the rouds 
at that time was such as to preclnde its coming into general 
uso for purposes of ordinary traffic. 

While the steam-carriage was being exhibited, a genth- 
man wax lnging heavy wgers as to the weight which could 
be hauled by a single horse on the Wandsworth and Croydon 
iron tramway; and the number and weight of waggons 
drawn by the horse were xomething surprising, Trevithick 
very probably put the two things together—the steun- 
hore and the iron-way—and kept the pert co in mind 
when le proceeded to construct his recond or milway loo 
mative, ‘ihe idea was not, however, cutirely new fo hin 
although his first engine had been constructed with a view 
tu its employment upon cummon roads, the specification of 
his patent distinctly alludes to the application of bis engine 
to trayclling on railroads. Having been employed at the 
iron-works of P'en-y-darran, in South Wales, to erect a forge 
engine for the Company, a convenient opportunity prewonted 
itself, on the completion of this work, for carrying ont his 
design of a locomotive to haul the mincrals along the Pory- 
darrau tramway. Such an engine wan erected by him in 
1803, in the blacksmiths’ shop at the (‘ompany's works, and 
it was finished and ready for trial before the end of the 

r. 

“The boiler of this seoond engine was cylindrical in form, 
flat at the ends, and made of wrought iron. The furnace 
and fluc were inside the boiler, within which the single 
cylinder, eight inches in diameter and four fict pix inches 
stroke, was phtood hurizontally. As in the first engine, the 
mation of the wheels was produced by spur geur, to which 
was also added @ fly-whcel on onc side, to secure a rotatory 
sootion in .e crank at the end of each stroke of the piston 
in the single cylinder. The waste steam was thrown inte 
the chimney through » tube inserted into it at right unglus; 
Dut it will be obvious that this arrangement wav not calow 




















7 THE STEAN-BLAST, Caar.V 


lated to produce any result in the way of a steam-blast in 
tho chimney. In fact, the waste steam seems to have been 
tumed into the chimncy in order to get rid of the nuisance 
caused ly throwing the jet directly into the air. Trevithick 
was hero hovering on the verge of a great discovery; hut 
that ho was nut aware of the action of the blast in contribut- 
ing to increase the draught and {hus quicken combustion, 
is clear from the fact that he cnploved bellows for this 
ppecial purpow; and at a much Jater dute (1815) he took 
ont a patent which included a mmethod of urging the fire by 
tucaus of fanners.* 





Jigatlucd’y Tigh Prewwne Tram-kagine, 


* Mr. Zorth Colburn. in his ex- ject, Mr, Nicholion himself pro- 
collont work on *Locomotive En-! covded to mvestigate the subject, 
fincenms end the Bicchnunm eoitrs an 1800 he took oat » patent 

‘Iways,’ pomta out that Mfr. | for “stcaim-blasting apparatus,’ 1: 
Davies Gilbert noted tho cfiet of plicable to fiacd cagiues, "Ti 
the ducharge of the wate steam vathick himself, however, could 
up the chitaney of Tievithicka not have bad much faith in the 

ine in increasing the draught, st.am-blast tor locomotive purposes, 
wrote a letter to ‘Nicholion’s else he would not have taken out 
Journal’ (Sept. 1805) on the sub- Ine patent for urging the fire by 
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At the first trial of this engine it sucoceded in draggin, 
after it several waggons, containing ten tons of bar-iren, at 
the rato of about five miles an honr. Ieca Jones, who 
worked at the fitting of the engine, ond remembers its per- 
formances, says, “ She was used for bringing down metal from 
the furnaces to the Old Forge. She worked very well ; but 
frequently, from her weight, broke the tram-plates and the 
hooks between the trams, After working for some time in 
this way, she tovk a load of iron from I’on-y-darran down 
tho Hasin-road, upun which road she was intended to work. 
On the journey sho broke a great many of the trim-plates, 
and before reaching the basin ran off the rord, and jad tu 
be brought back to Pen-y-darran by horses ‘She engine 
was never after uscd as a locomotive."* 

Tt seems to have been felt that unlos the road were 
entirely reconstructed #0 ak to bear the heavy weight of the 
locmmotive— so much greater than that of the tram: 
wagons, to carry which tho original mils had been laid 
down'—the regular employment. of Trevithick’s high- 
pressure tram-cngine was altogether impracticable; and as 
the owners of the works wero not prepured to inenr 90 
serious a cost, it was determined to take the Incumotive off 
tho roud, and employ it a4 an engine fur other purpows, Tt 
was accordingly dismounted, and used for somo timo after 
asa pumping-engine, for which purpose it was found well 
adapted. Trevithick himacIf secms from this time to huvy 
taken no further steps to bring the locomotive into general 
use. We find him, shortly after, engaged upon schemes of 
& more promising character, abandoning the engine to other 





means of funners in 1815. But the | anoa of tho invention ne reeez 
fit is, that while the spoed of the | nised. Lake many other inventious, 
Tocometive wax only four or five | stimulaicd if not originated by ue 
milesanh sr,the blest wassoarcely | ccsity, the wtcamLlaat was cer 
needed, It wus only when high | tainly reinvented, if not invented, 
speeds wero adopted that ertificial | by George Siephenscn. 

taethods of urgisg the fire beeame | '* “Mining Jourusl,’ 9th Septera 
tecenmazy, and that the fall import { ber. 1858 
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mechanical inventors, though little improvement was made 
in it fur several years. An imaginary difficulty seems to 
havo tended, amongst other obstaclea, to prevent its 
adoption; viz, the idea that, if a heavy weight were 
behind the engino, the “grip” or “bite” of its 
smooth wheels upon the equally smooth iron ruil, must 
neoewirily bo so slight that they would whirl round 
upon it, and, consequently, that tho machine’ would not 
make progress. Ience Trevithick, in his patent, provided 
that the periphery of the driving-whcels should be made 
rough hy the projection of bolts or cross-grooves, 60 that the 
adhesion of tho wheels to the road might be secured. 

Following up tho premmed necessity for a more effectual 
adhesion between the whoels and the railx, Mr. Blenkinsop 
of Leods, in 1811, took out a patent for @ racked or tooth- 
rail Inid along one side of the road, into which tho tovthed- 
wheel of his locomotive worked as pinions work into a 
ruck. The bviler of his engine was supported by a carriage 
with four wheels without teeth, and rested immediately 
upon the axles. These wheels were entirely independent of 
the working parts of the engine, and therefure morely sup- 
ported its weight upon the rails, the progross being effected 
‘by means of tho cogged-wheel working into the cogged-rail. 
The ongino had two cylinders, instead of ono as in Trevi- 
thick's engine. The invention of the double cylinder was 
due to Matthew Murray, of Leeds, one of the best mechanical 
enginceis of his time; Mr. Blenkinsop, who was not a 
wacchunic, having consulted him as to all the practical 
arrangements. ‘The connecting-rods gavo the motion to 
two pinions by cranks at right angles to each other; these 
pinions communicating the motion to the whecl which 
worked into the cogged-rail. 

Mr. Blenkinsop’s engines began running on the railway 
from the Middleton Collieries to Leeds, about 84 miles, 
on the 12th of August, 1812. They continued for many 

to be one of the principal curiosities of the place, and 
were visited by strangers from all parts. In 1816, the 
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Grand Duke Nicholas (afterwards Emperor) of Haseia 
observed the working of Blenkinsop's locomotive with 
enrious interest and admiration, An engine dragged as 
Thany ax thirty coal-waggons at & speed of about 3} miles 





per hou. These engines continued for many y 
thus employed in the haulage of coal, and furnixhed the 
first instance of the regular employment of logomotive 
power for commercial purpores. 





adhesion between the wheel and the rail, by patenting « 
Jocumotive to work along the road by means of w chain 
stretched from one end of it to the other. This chain was 
passed onco round a grooved barrel-wheel under tho centre 
of the enginu: xo that, when the wheel turned, the locu- 
motive, u» it were, driggwl iteelf along the railway. An 
engine, constructed after this plan, was tried on the [oaten 
Railway, near Neweustlo; but if wus so chunay in itn 
actiun, there was so great # Juss of power by friction, and it 
was found to be so expensive and difficult to keep in ropatir, 
that it was soon ubandoncu. Anvther remarkable expedient 
was adupted by Mr. Brunton, of the Butterley Works, 
Derbyshire, who, in 1815, patented his Mechanical ‘Iravuller, 
tw go upon legs working alternately like theso of 4 Lore." 
But this engine never got beyond the experimental state, 
for, at its very first trial, the driver, to make sure of a good 
start, overloaded the safcty-valve, when the boiler burst and 
Killed a number of the bystanders, wounding many more. 
These, and uther contrivances with the same object, pro 
jected about the same time, show that invention wax 
actively at work, and that many minds were anxivuly 





* Other machines, with Icgs,' aasited by @ lumizontal windmill, 
were pauoted in the following , and the four pushers, or legs, are 
year by Lewis Gompertz and by | to be causd to com suso mv ly 
Thomas Tindall, In ‘Tindall’s in oontact with the ground, aud 

1 the carriage! 
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labouring to solve the important problem of locomotive 
traction upon railways. 

But the difficulties contended with by these early in- 
ventors, and the step-by-step progress which they made, will 
probably be best illustrated by tho oxporiments conducted 
by Mr. Blackett, of Wylam, which are all the more worthy 
of notice, as the persevering efforts of this gentleman in a 
great measure paved tho way fur the labours of George 
Stephenson, who, shortly after, took up the question of 
steam locomotion, and brought it to a, sucecssful issue. 

The Wylam waggon-way is one of the uldest in the north 
of England. Down to the yoar 1807 it was formed of 
wooden spars or rails, laid down botween tho colliery at 
Wylam—where old Robert Stephenson had worked—and 
the village of Lemington, somo four milcs down the Tyne, 
where the coals wore loaded into kecls or barges, and 
floated down past Newcastle, to be shipped for London. 
Eueh chaldron-waggon had a man in charge of it, and was 
originally drawn by cue horse. Tho rate at which the 
‘waggons wero hauled was so slow that only two journeys 
wero performed by cach man and horse in one day, and 
three on tho day following. This primitive waggon-way 
passed, as bofure stated, close in front of the cottage in 
which George Stephenson was born ; and ono of the earliest 
sighta which met his infant cyes was this wooden tramroad 
worked by horses. 

Mr, Blackett was tho first colliery owner in the North 
who tovk an activo interest in tho locomotive. Having 
formed the acquaintance of Trevithick in London, and 
inspected the performances of his engine, he determined to 
repeat the Von-y-darran experiment upon‘ the Wylam 

-way. He accordingly obtained from Trevithick,.in 
October, 1804, a plan of his engine, provided with “friction- 
wheels,” and employed Mr. John W hinfield, of Pipewellgate, 
Gateshead, to construct it at his foundry thera) The 
engine was constructed under the superintendence of one 
John Steele, an ingenious mechanio who had been iff 
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Walea, and worked under Trevithick in fitting tho engine 
at Pen-y-darran. When tho Gateshead locomotive was 
finished, a temporary way was laid down in the works, on 
which it was rmn backwards and furwards many times. For 
somay renson, however—it is said became the engine waa 
deemed too light for drawing the coal-trains—it never left 
the works, but was dismounted from the wheels, and set to 
blow the cupola of the foundry, in which servico it long 
continued to be employed. 

Several ycars elapsed beforo Mr. Blackett took any farther 
steps ty carry out his idea. Tho final abandonment of 
Trevithick’s loomotive at Pen-y-darran perhaps contributed 
to deter him from proceeding further; but he had the 
wooden tramway taken up in 1808, and a plate-way of cast- 
iron laid down instead—a single line furnished with sidings 
to enably the laden wagguns to yxisa the empty oncs. Tho 
now irun roud proved so much smovther thun the old 
wooden ono, that a single horse, instead of drawing ono, 
was now onabled to draw two, or even three, laden 
waggons, 

Encouraged by the suctess of Mr. Blenkinsop’s experi- 
ment at Leeds, Mr. Blackett determined to fullow his 
example; and in 1812 he ordered a second cngine, to 
work with a toothed driving-wheel upon a rack-rail. Thin 
locomotive was constructed by Thomas Waters, of Gates- 
head, under tho superintendence of Jonathan Foster, Mr. 
Blackett’s principal engino-wright. It was a combination 
of Trevithick’s and Blenkinsup’s engines; but it wae of a 
more awkward construction than cithor. Tho boiler was of 
cast-iron, The engine was provided with a singlo cylinder 
six inches ingliamoter, with a fly-whcel working at ono side 
to carry the crank over the dead points. Jonathan Foster 
described it to the author in 1854, as “a strange machine, 
with lo‘ of pumps, cog-wheels, and plugs, roquiring oon- 
stant attention while at work.” The weight of the whole 
was about six tons. 

« When finished, it was conveyed to Wylam on a waggun, 
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and there mounted upon a wooden frame supported by four 
pairs of wheels, which had becn constructed for its recep- 
tion. A barrel of water, placcd on another frame upon 
wheels, was attached to if as a tender. After a great deal 
of labour, the cambrous machine was got upon the road. At 
first it would not move an inch, Its maker, Tommy 
Waters, became impatient, and at length enraged, and 
tuking hold of the lever of the safety valve, declared in his 
desperation, that “cither ske or he whould go.” At length 
the muchinery was set in motiun, on which, as Jonathan 
Foster describod to the authur “she flew all to pieces, and, 
it was the biggest wonder i’ the world thut we were not all. 
blewn up.” ‘Iho incompetent and uscless engino was 
doclured to bo a failure ; it was shortly ufter dismounted 
and suld; and Mr, Blackett’s praixworthy efforts thua 
far proved in vain. 

Ho was still, however, desirous of testing the practi- 
cability of employing locomotive power in working the coal 
down to Lemington, and he determined on another trial. 
He accordingly directed his engine-wright to procced with 
the building of a third engine in the Wylam workshops. This 
new locomotive had a single 8-inch cylinder, was provided 
with o fly-wheel like its predecessor, und the driving-wheel 
was cogged on onc side tu enable it to travel in the rack-rail 
Jeid along the road. This engine proved more successful 
than the former one; and it was found capsblo of dragging 
eight or nine loaded waggons, though at the rate of little 
more than a mile an hour, from the colliery to the shipping- 
place. t sometimes took six hours to porfurm the journey 
of five miles. Its weight was found too great for the road, 
and the cast-iron plates were constantly breaking. It was 
alao very apt to get off the rack-rail, and then it stood stil. 
The driver was one day asked how he got un? “Get on?” 
ead he, “we don't get on; we only get off!” On such 
vooasions, horses had to be sent to drag the weggons as 
before, and cthers to haul the engine back to the work- 
store. It wae constantly getiing out ef order; ita plugs, 
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pompe, or cranks, got wrong; it was under repair as often 
as at work: at length it becamo so cranky that the horses 
were wally wnt out after it to drag it when it gave up: 
and the workmen generally declared it to bo a + pertiet 
Plagne.” Mr. Blackett did not obtain credit amongst hin 
neighbours for these experiments. Many laughed at his 
machines, rygrding them only in the light of crotchets,— 
frequently quoting the proverb that “a fool aud This mon 
are wen parted.” Others regurded them as absurd innev 
tivmy on the entablished method of bawling cud ; wand pr 
noticed thut they would “never answ 

Notwithstanding, however, the comparative failure of 
this second Jucomutive, Mr. Blackett perevered with his 
experiments, Tle vealowly assisted by Jonathan 
Foster the engine-wright. aud William Hedley, the viewer 
of the colliery, w highly ingenious person, whe proved of 
great une in curying out the experiments to a suevenfi) 
issae., One of the chief canses of failure being the rack ruil, 
the idea acenrred to Mr, Hedley that it might le ponsible to 
secure adhesion enongh between the wheel and the rail by 
the mere weight of the engine, and he proceeded to make 
sorits of experiments fur the purpose of determining this 
problem. He hud a frame placed on four wheels, and fitted 
up with windlass attached ly geuring to the several 
wheels, The frune having been properly weightel, six 
men were set to work the windluses; when it wax found 
that the adhesion of the sincoth wheels on the sinvoth rails 
was quite sufficient to enable them to propel the machine 
without slipping. Huving funnd the propurtion which the 
power bore to the weight, he demonstrated by pucorssive 
experiments that the weight of the engine would of itslf 
produce sufficient adhesion to enable it to draw upon 4 
smooth railroad the requisite number of waggons in all 
kinds of weather. And thus was tho fallacy which hid 
heretofore prevailed on this subject completely expluled, 
and it was satisfactorily proved that rack-ruils, touthed 
Wheels, endless chains, and legs, were alike upnecesmary fur 
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the efficient traction of loaded waggons upon a moderately 
Tevel road. 

From this time forward considerably less difficulty was 
experienced in working tho coal trains upon the Wylam 
tramroad. At Jength the ruck-rail was dispensed with. 
The rod was laid with heavier rails; the working of the 
old engino was improved; and a new engine was shortly 
after built und placed upon the read, still on cight wheels, 
driven by seven rack-whecls working inside them—with a 
wrought-iron boiler through which the flue was returned 80 
as largely to increase tho heating surface, and thus give 
increased power to the engine. 








Improved Wylum Engine. 


As may readily be imagined, the jets of steam from the 
piston, blowing off into the air at high pressure while the 
engine was in motion, caused considerable annoyance to 
horses passing along the Wylam road, at that time a public 
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highway. The nuisance was felt tu be almost intulerablo, 
and a neighbouring geutloman threatened to have it put 
down. ‘To diminish the noise as much as possible, Mr. 
Blackett guve orders that so soon as any hore, or lures, 
cane in sight, the locomotive was to be stopped, and thu 
frightful blust of the engine thus suspended until tho pase 
ing animals bad gut vut of hearing. Much interruption 
wos thus cawed to the working uf the railway, and it 
excited considoruble dissatisfaction amongpt the workanen. 
The fulluwing plun wus aduptel to abate the atisanoy: a 
resccvoir wus provided immediately bebind the chimney (ws 
shuwn in the preceding cut) into which the waste steum 
was thrown ufter it had performed its oflice in the cylinder ; 
and from this reservuir, the steam gradually useaped into 
the atmosphere without nuise. 

While Mr. Blackett wus thus experimenting and building, 
lvcomotives at Wylam, George Stephenson was unxivusly 
studying tho sume subject at Killingworth. Me was po 
svuner appointed eugine-wright of the collivries than his 
ultention was directed tu the meaus of mure econumically 
hauling tho coal from the pits to the riverside, We bave 
wen that une of the first important improvewcuts which he 
made, after being placed in charge of theculliery muchinery, 
was to apply the surplus power of a pumping steam-engine, 
fixed underground, to drawing the woals out of the deeper 
workings of the Killingworth mines—by which ho sue 
ceeded in effecting a large reduction in the expendituro on 
manual and horse labour. 

The couls, when brought above ground, had next to le 
Juboriously dragged by horses to the shipping staiths on the 
Tyne, several miles distant. The adoption of a tramruad, 
itis true, had tended to facilitate their transit. neverthe- 
lesa the haulage was both tedious and oustly. With the 
view of _conomising labour, Stephenson laid down inclined 
planes where the natare of the ground would admit of this 
expedient. Thus, a tram of full waggons let duwn the 

sincline by means of 2 rope running over whovle laid along 
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the tramroad, the other end of which was attached to a 
train of empty waggons placed at the buttom of the parallel 
road on the same incline, dragged them up by the simple 
Power of gravity. But this applicd only to a comparatively 
small part of tho road. An eeunomical method of working 
tho coal trains, instead of by borses,—the keep of which was 
at that timo very costly, frum the high price of coru,—was 
still » great desideratun; and the best practical minds in 
the collicrics were actively engaged in the attempt to solve 
the problem, 

In the first place Stephenson resolved to make himself 
thoroughly acquainted with what had already been done, 
Mr. Blackett's engines were working daily at Wylam, past 
the cottage where he had been born; and thither he fre- 
quently went to inspect the improvements mite by Mr. 
Blackett from time to time both in the locomotive and in 
the pluteway along which it worked. Jonathan Foster 
informed us that, after oue of these visits, Stephenswn 
declwved to him his conviction that a mach more effective 
engine might be made, that sbould work moro steadily and 
draw the load more effectively. * 

Ile had aby the advantage, about the sumo time, of seeing 
one of Blenkinsup’s Leeds engines, which was placed on the 
tramway leading from the collieries of Kenton and Cox- 
lodge, on the 2nd September, 1813. This lucomutive drew 
sixteen chuldron waggony containing an aggregate weight 
of suventy tone, at the rato of about thre miles an hony. 
Georgy Stephenson and several of the Killingworth men 
woro amongst the crowd of spectators that day; and after 
examining the engine and observing its performances, he 
observed to his companivns, that “he thonght he conld 
make a better engine than that, to go upon legs.” Probably 
he bad heard of the invention of Brunton, whose patent 
hed by this time buen published, and proved. the subject of 
much curious speculation in the colliery districta. Certain 
it is, that, shortly after the inspection of the Coxlodge 
engine, he contemplated the construction uf a new locomo, 
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tive, which wan tu anrpase all that had preeedul it Hw 
gbeerved that these engines which bad been constructed up 
to this thaw, however ingenious in their arrangements, had 
proved practical failures, Mr. Blacketts wus ax yet both 
clumsy and expensive. Chapman's had been removed from 
the Heaton tramway in 1812, and was regarded ax a total 
failure, And the Blonkinsop engine at Coxlodge was found 
very unsteady and costly in ite working: besides, it pulled 
the rails to pieces, the entire strain being: upon. the rack- 
rail on one side of the road. The boiler, however, having 
sonn after blown up, there was an end of that engine ; and 
the eniliory owners did not fool encouraged to try any 
further ox periment. 

An efficient and economical working locomotive, there 
fore, still remained to be invented ; and to accomplish thin 
object Mr. Stephenson now applied himself. lrofiting by 
what bis predecessora had done, warmed by their failures 
und encourage by their partial successes, he commenced 
his labours. There was still wantinfg the man who should 
accumplish for the locomotive what James Watt had dono 
for tho steum-engine, and combine in a complete form tho 
dest puints in the separate plans of others, anbolying with 
them such original inventions and adaptations of his own as 
tw entitle him to the merit of mventing the working locu- 
motive, in the same manner as James Watt is to be regarded 
an the inventor of tho working condensing-engine, his 
was the great work upon which George Stephenson now 
enterd, though probably without any adequate idva of 
the ultimuto importance of his labours to society and 
civilization, 

He procecdhd to bring the subject of constructing 4 
« Travelling Engine,” as ho then denominated the lueomo- 
tive, under the notice of the lesees of the Killingworth 
Colliery, in the year 1813. Lord Ravensworth, the prin 
cipal partnu, had already furmed a very favourable opinion 
of the new engine-wright, from the impruvements which he 
had effected in the colliery engines, both above and below 
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gronnd; and, after considering tke matter, and hearing 
Stephenson's explanations, he authoristd him to 

with the construction of a lo«motive,—though his lordship 
‘waa, by some, called a fool for advancing money for such a 
purpos. “The first locomutive that I made,” said 
Stephenson, many years after,* when speaking of his early 
career at a public mocting in Newcastle, “was at Killing- 
worth Colliery, and with Lord Ravensworth’s money. Yes; 
Lord Ravensworth and partners were tho first to entrust 
mo, thirty-two years since, with money to make a locomo- 
tive engine. 1 said to my friends, there was no limit to 
the specd of such an engine, if the works could be made to 
stand.” 

Onur engine-wright had, however, many obstacles to 
encounter befure he could get fairly to work with the 
erection of his locomotive. lis chief difficulty was in 
finding workmen sufficiently skilled in mechanics, and in 
tho use of tools, to follow his instructions and embody his 
designs in a practical shape. The tools then in use about 
tho collieries wore rude and clumsy ; and there were no such 
facilities ax now exist for tuning out machinory of an 
entirely new character. Stephenson was under the neces- 
sity of working with such men and tools as were at his 
command ; and ho had in @ great measure to train and 
instruct the workinen himself. Tho engine was built in 
the workshops at tho West Moor, the leading mechanic 
employod being the colliery blacksmith, an excellent work- 
man in his way, though quite new to the work now 
entrusted to him, 

In this first locomotive constructed at Killingworth, 
Btephenson to some extent followed the pln of Blenkin- 
eop’s engine. The boiler was cylindrical, of wrought iron, 
8 feot in length and 34 inches in diameter, with an internal 
flue-tabe 2) inches wide passing through it. The engine 


* Speech atthe opening of the Seweutie and Darlington Bot 
dene 18, 144. “ “ 
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had two vertical cylinders of 8 inches diameter. and 2 fet 
stroke, let into the boiler, working the propelling guar with 
croes heads and connecting roda. The power of the two 
cylinder was covibined 
Ty means of «purwheels, 
which communicated tho 
motive power to tho 
wheels supporting the 
engine on the rail, in- 
steal of, ax in Bleukin- ‘The spur-ctar 

sop's engine, to eogwheels which acted on the cogged rail 
indepeulent of the four supporting whey The engine 
thus worked upon what is termed the sccod motion. ‘The 
chimney was of wronght iron, round which was a chunber 
extending back to the fecil-pumps, for the purpose of heat: 
ing the water previons to its injection inte the boiler. The 
engine Iu no springs, and was invited on a wooden 
frame supported on four wheels. yorder to nentraline an 
much as possible the jolts aud shocks which such an engine 
wonld necessarily encounter.from the obstacles and inequuli- 
tics of the then very impertiet plateway, the wuter-harrel 
which served for a tender was fixed to the end of a Tever 
and weighted, tho other end of the lever being connected 
with the framo of the locomotive carriage. By thik meuns 
the weight of tho two was more eqnally distrilmted, though 
the contrivance did nut by any means compensate for the 
absence of springs. 

The wheels of the locomotive were all smooth, Mr. 
Stephenson having satisficd himself by experiment that 
the adhesion etween the whecls of a loaded engine and 
the rail wonld bo sufficient fur the purpose of traction, 
Robert Stephenson informed us that his father caused 
number of workmen to mount upon the wheels of a waggon 
moderately loaded, and throw their entire weight upon the 
spokes on one side, when ho found that tho waggon could 
thys be easily propelled forward withont the wheels shp- 
ping. Thi, together with other experiments, satisfied him 
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of the expediency of adopting amooth wheels on his engine, 
and it was no finished accordingly. 

‘The engine was, after much labour and anxicty, and fre- 
qnent alterations of parts, at length brought to completion, 
having been abont ten months in hand. It was placed npon 
the Killingworth Railway on the 23th July, 1814; and ite 
powors were tried on tho samo day. On an ascending 
graiiont of 1 in 450, the engine succeded in drawing after 
it cight loaded carriages of thirty toms’ weight at about four 
miles an hour ; and for somo time after it continued regu- 
larly at work. 

Although a considerable advance upon provious locomo- 
tives, “ Blutcher” (as tho engine was popularly callod) was 
nevorthcloss a somewhat cmnbrous and clumsy machine. 
The parts were huddled together. Tho boilor constituted 
tho principal ftature ; and being the foundation of the other 
part, it was mado to do duty not only «s a generator of 
steam, but al us a basis for tho fixings of the machinery 
and for tho bourings ofthe wheels and axles, The want of 
springs was seriously felt; and tho progress of the engine 
was a snecession of jolts, causing considerable derangement 
to the machinery. ‘The modo of communicating the motive 
power tu the wheels by mvans of the spur-gear also caused 
frequent jerks. cach cylinder alternately propelling or be- 
coming propcHed by the other, as the pressure of the one 
upon the wheels bocame greater or less than the pressure 
of the other ; and when the teeth of the cogwhcels became 
at all worn, rattling noise was produced during the tre- 
velling of the engine. 

As the principal test of the success of the locomotive was 
‘its economy as compared with horse power, eareful calcula- 
tions were made with the view of ascertaining this 
important point. Tho result was, that it was found the 
working of the engine was at first barely economical ; and 
at the end of the year the steam power and the horse power 
ware ascertained to bo as nearly as possible upon a par in 
vomt of cost. The fate of the locomotive in a great 
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moasure depended on this very engine. Its speed was not 
heyond that of a horse's walk, and the heating surface pre- 
rented to the fire being comparatively small, sufficient steum 
could not be raised to enable it to accomplish more on au 
avernge than about four miles an hour. The result wan 
anything but decisive ; and tho locomotive mizht have been 
condemned ps useless, had not our engineer at this juncture 
applicd the steam-blast, and by its means exrricd his eape- 
riment to a triumphant isene. 

Tho steam, after performing its duty in the cylinders, 
wan at first allowed to escape into the open atmosphere 
with o hissing blast, to the terror of horses aud cattle. 1H 
was complained of as a nuisunce: and an action at law 
against the colliery lessees was threatened mnless it wis 
stopped. Stephenson's attontion had been diawn to the 
much greater velocity with which the stvam issued from the 
exit pipe compared with that at which the smoke escaped 
frum the chimney. Ile conceived that, by conveying the 
ednuotion steam into the chimne: by means of a pmall pipe, 
after it had performed its office in the cylinders, allowing 
it to escape in a vertical direction, its velocity would be 
imparted to the smoke from the fire, or to the useending 
current of air in the chimney, thereby increasing the draft, 
and consequently the intensity of combustion in the furnace, 

The experiment was no svoner made than the power of 
the engine was at onco more than doubled ; combustion was 
stimulated by the blast ; consequently the capability of the 
boiler to generate steam was greatly increased, and the 
effective power of the engine augmented in precisely the 
same proportion, without in any way adding to its weight. 
This simple bat beautiful expedient was really fianght with 
the moat important consequences to railway communication ; 
and it is not too much to say that the sncous of the locu- 
motive has in a great measure been the result of ite adop- 
tion. Wituout the steam-blast, by means of which the 
intensity of combustion is maintained at its highest point, 
producing @ correspondingly repid evulution of stew, high 
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tates of speed conld not have heen kept up; the advantages 
of the multitubular boiler (afterwards invented) could never 
have bien fairly tested ; and locomotives might still have 
been dragging themselves unwieldily along at little more 
than five or six miles an hour. 

Tho steamn-last had scarcely beon adopted, with so 
decided a xuccss, when Stephenson, observing the numer- 
ows defects in his engine, and profiting by the expe 
Tience which be hud already acqnired, determined to 
construct a weond engine, in which to embody bis improve- 
ments in their best form. Careful and cautious observation 
of the working of hiv locnnotive had convinerd him that 
the complication arising ont of the action of the two 
cylinders being enbined by spur-whcele would prevent 
its coming intu practical we. Io accordingly directed his 
attention to an ovtire chungr in the cunstructiun und 
mechanical arrangements of the machine; and in the 
following year, conjointly with Mr. Dudds, who provided 
the necemary finds, he tuck out a patent, dated the 28th 
of February, 1815, for an engine which combined in a 
remurkable degree the casential requisites of an coonumical 
locomotive; that is to say, few parts, simplicity in their 
action, and direeiness in the mode by which the power was 
comuannieated to the wheels supporting the engine. 

This locomotive, like the first, had two vertical cylinders, 
which communicated directly with each yuir of the four 
wheels that supported the engine, by means of a cross head 
and a pair of connecting rods. But in attempting tu 
establish a diroct communication between the cylinders and 
the wheels that rolled upon the rails, consideruble difficulties 
presented themsevs. The ordinary joints” could not be 
employed to unite the parts of the engine, which was a 
rigid mass, with the wheels 1clling upon the irregular 
surface of the rails ; for it was evident that the two rails 
of the line of way—more especially in those carly days of 
imperfect construction of the permanent road—could not 
always be maintained at the same level,—that the wheel dt 
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one end of the axle might be depressed into one part of the 
line which had subsided, whilst the other wheel would be 
comparatively elevated ; and in such a position of the axle 
and wheels, it was obvious that a rigid communication 
between the cross head and the whcels was impracticable. 
Tience it became necessary to form a joint ut the top of the 
piston-red where it united with the cross head, so as to 
permit the cross head to preserve complete parallelism 
with tho axlo of the wheels with which it was in cum- 
munication. 

In order to obtain that degree of flexibility combined 
with direct action, which was essential fur ensuring power 
and avoiding needless friction and jars from irregularities 
in the road, Stephenson made use of the “ hall and socket” 
joint for effecting a union between the ends of tho cross 
heads where they united with the connecting reds, and 
between the ends of the connecting rods where they wero 
united with the crank-pins attached to each driving-wheol. 
By this arningement the parallefism between the cross 
head and the axle was at all times maintained and preserved, 
without producing any svrious jar ur friction on any part of 
tho machine. Another important point was, tu combine 
each pair of wheels by means of sme simple mechanism 
instead of by the cugwhecls which had furmerly been used. 
And, with this object, Stephensun made cranky in cuch axle 
at right angles to each other, with ruds cummunicating 
horizontally between them. 

A lvcomotive was constructed upon this plun in 1815, 
and was found to answer extremely well. But ot that 
period the mechanical skill uf the country was nut equal to 
forging cranked axles of the soundness and strength neces 
sary to atand the jars incident to locomotive work. Stephun- 
son was accordingly compelled to fal] back upon 2 substitute, 
which, although less simple and efficient, was within the 
mechap.ral capabilities of the workmen of that day, in 
respect of construction aa well as repair. He udupted a 
chain which rolled over indented wheely pluced on the 





38 STEPHENSON'S SECOND LOCOMOTIVE. Cuar. ¥. 


centre of each axlo, and was so arranged that the two paira 
of wheels were effectually coupled and made to keep pace 
with cach other. Tho chain, however, after a fuw years’ 
anc, became stretched ; aud then the engines were liable to 
irregularity in their working, especially in changing from 
working back to working forward again. Eventually the 
chain was laid asidu, and the front and hind wheels were 
united by rods on tho outside, instead of by rods and crank 
axles inside, os spceifiod in tho original patent. ‘This expo- 
dient completely unswored the purpose required, without 
involving any expensive or difficult workmanship. 

‘Thus, in 1815, by dint of patient and persevering labour, 
—by carefal observation of the works of others, and never 
neglooting to avail himself of their suggestions,—-Stephenson 
sucocedod in ananufscturing an engine which included tho 
following important improvements on all previous attempts 
in tho same dirootion :—viz., simple and direct communica- 
tion betwoon the cylinders and the wheels rolling upon the 
rails; joint adhesion of‘ all the whcels, attained by the use 
of horizontal connceting-rods; and finally, a beautiful 
method of exciting the combustion of the fuel by employing 
the wasto steam, which had formerly boen allowed. to escape 
uselessly into the air. Although many improvements in 
detail wero afterwards introduced in the locomotive by 
Goorgo Stephenson himself, as well as by his equally dis- 
tinguished won, it is porbaps not too much to say that thie 
engine, a8 a mochanical contrivance, contained the germ of 
all that has since been effected. It may in fact bo regarded 
‘as the type of the presant lucumotive engine. 
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CHAPTER VI. 


Isvgytion or Tax “Gzonpy” Savery-Lanr. 


Exprosions of firodamp were unustilly frequent in the 
coal mines of Northumberland and Durham about the time 
when George Stephenson was engaged in the construction 
of his first looumotives, These explosions were often 
attended with fearful loss of Jife and dreadfal suffering to 
the workpeuple. Killingworth Culliery was not free from 
such deplorable calamities ; aud during the time that Ste 
phensun was employed as a brakemuan at the West Moor, 
soveral “blasty” touk place in the pit, by which many 
workmen wero sourched and killed, and the owners of the 
colliery sustained heavy Joxses, Onte of the most serious of 
these accidents occurred in 1806, not long after he had been, 
appuinted brakesman, by ‘which 10 persons were killed. 
Stephenson was working at the mouth of the pit at the 
time, and the circumstances connected with the accident 
made a deep impression on his mind. 

Another explosion took place in the samo pit in 1809, by 
which 12 persona lost their lives. The blast did not reach 
the shaft as in the furmer cave ; the unfortunate persons in 
the pit having been suffocatel by the aftar-damp. More 
calamitous still were the explusions which touk place in the 
neighbouring collieries ; one of the worst being that of 1812, 
in the Felling Pit, near Gateshoad, by which no fower than 
90, men and boys were suffocated or burnt to death. And 
a aimilar accident occurred in tho same pit in the year fol- 
lowing, vy which 22 persons perished. 

It was natural that George Stephenson should dovote his 
attention to the causes of these deplorable accidents, and to 
the meana by which they might if posible Le prevented. 


a DANGERS OF COLLIERY WORKING, Cuar, VI. 


His daily occupation Jed him to think much and deeply on 
the subject. As ongine-wright of a colliery so extensive ag 
that of Killingworth, where there were nearly 160 miles of 
gallery excavation, in which he personally superintended the 
working, of the inclined planes along which the coals were 
sent to the pit entrance, ho was necessarily very often under- 
ground, and brought faco to face with the dangersof fire-damp. 
From fissures in the roofs of the galleries, carburetted hydro- 
gen gas was constantly flowing; in some of the more dan- 
gerous places it might be heard escaping from the crevices 
of the coal with a hissing noise. Vontilation, firing, and all 
conceivable modes of drawing out the foul air had been 
adopted, and the more dangerous parts of the galleries were 
built up. Still the danger could not be wholly prevented. 
The miners must nocossarily guido their steps through the 
extenrive underground ways with lighted lamps or candles, 
the naked flame of which, coming in contact with the inflam- 
mable air, daily exposed them and thcir fellow-workers in 
the pit to the risk of death in one of its most dreadful 
forms. 

One day, in 1814, a workman’ hurried into Stephenson's 
cottage with the startling information that the deepest 
maiu of the colliery was on fire! He immediately hastened 
to the pit-head, about a hundred yards off, whither the 
women and children of the colliery were running, with 
wildness and terror depicted in every face. In a com- 
manding voice Stephenson ordered the enginemen to lower 
him down the shaft in the corve. There was peril, it 
might be death, before him, but he must go. 

He was soon at the bottom, and in the midst of the men, 
who were paralysed by the danger which threatened the 
lives of all in the pit. Leaping from the corve on jta 
touching the ground, he calied out; «Are there six men 
‘among you who have courage to follow me? If so, come, 
and we will put the fire out.” The Killingworth pitmen 
had the most perfect confidence in their engine-wright, and 
they readily volunteered to follow him. Silenoo auoveede? 
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‘The Pit Lead, Woot Moor, 


the frantic tumult of the previews minute, und the men 
set to work with a will In every mince, bricks, mortar, 
and tooly enongh are at hand, and by St phcnson’s dircetion 
the materials were fithwith canied te the required spot, 
where, in a very shurt time a wall was raid at the 
entrauce to the main, ho himsclf taking tho must active part 
in the work. The atmospheric air was by this means 
excluded, the fire was extinguished, the pouple wore saved 
from death, and the mine was preserved. 

‘This anecdote of Stephenson war related to the writer, 
near the pit-mouth, Ly one of the men who had lxcn 
present and helped to Imild up the brick wall by which the 
fire was stayed, though several workmen were enffucated. 
He related that, when down the pit some days after, secking 
out the dead bodies, the cause of the accident wa thu 
subject of conversation, and Stephenson was usked, “Con 
‘nvthing be done tu prevent such awful occurrences?” fis 
1eply was that he thought something might be done. 
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“Thon.” said the other, “the svorer you start the better; 
for the price of coal-mining now is pitmen’s lives.” 

Fifty years since, many of the best pits were eo full of 
the inflammable gas given forth by the eval, that they could 
not be worked without tho greatest danger; and for this 
Teason some were altogether abandoned, The rudest possible 
methoda were adopted of prodncing light sufficient to enable 
the pitmen to work by. The phosphorescence of decayed 
fish skins was tried; but this, though safe, was very in- 
officient. The most common method employed was what 
waa called a steel mill, the notched whee) of which, being 
made to revolve against a flint, struck a succession of sparks, 
which scarcely served to do more than make the darkness 
visible. A boy carried the apparatus ofter the miner, 
working the wheel, and by the imperfect light thus given 
furth ho pliod his dangerous trade. Candles were only used 
in thoso parts of the pit where gus was not abundant, 
Under this rude system not more than one-third of the coal 
conld bo worked; and two-thirds were left. 

‘What the workmen, not less than the coal-owners, eagerly 
Acsired was, a lamp that should give forth sufficiont light, 
without communicating flame to the inflammable gas which 
acounulated in certain parts of the pit. Something had 
already beon attempted towards the inveution of such a 
lamp by Dr. Clanny, of Sunderland, who, in 1814, contrived 
an apparatus to which he gave air from the mine through 
water, by means of bellows. This lamp went out of itself 
in inflammable gos. It was found, however, too unwieldy 
to be used by tho minors for the purposes of their work, and 
did not come into general use. A committee of gentlemen 
was formed to investigato the causes of the explosions, and 
to devise, if possible, some means of preventing them. At 
the invitation of that Committee, Sir Humphry Davy, then 
in the fall zenith of his reputation, was requested to turn 
his attention to the subject. He accordingly visited the 
collieries near Newcastle on the 24th of August, 1815; and 
on the 9th of November following, he read before the Royal’ 
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Society of London his celebrated paper “On tre Fire-ltomp 
ut Coa] Mines, and on Mothods of lighting the Mine so as to 
prevent itx explosion.” 

But a humbler thongh not Tess diligent and original 
{linker had been at work before him, and had already prav- 
tivally sulved the problem of the Safety-Lamp. Stephenson 
was uf course well aware of the ansiety whieh prevailed in 
intricts as to the invention of a lamp which 
¢ light enough for the miners to work by without 
exploding the firedamp. ‘The painfal incidents above 
described only sorved to quicken his eagerness to muster 
the difficulty, 

For reveral years he had been engaged, in his own rude 
way, in making experiments with the fire-lunp in the 
Killingworth mine. Tho pitmen used to expostulate with 
him on these occasions, believing his experiments to be 
franght with danger. One of the sinkers, observing him 
holding up lighted candles to the windward of the 
“blower” or fissure from whicl the inflammablo gar 
esouped, entreated hin to desist; bat Stephenson's answer 
was, that “ho was busy with a plan by which ho hoped 
tu make his experiments useful for preserving men's lives.” 
On. these occasions the miners usually got out of the way 
befure he lit the gas. 

In 1814, although he was very much ocenpicd with the 
business of the collieries aud the improvement of his Jocu- 
motive engine, he was also busily engagud in making 
experiments upon inflammable gus in the Killingworth 
pit According to the explanution afterwards given by him, 

he imagined that if he could construct a lump with a 
chimney so arranged as to cause a strong current, it would 
ngt fire at the tup of the chimney ; ag the burnt air woul! 
avocnd with such a velocity as to prevent the inflammable 
air of the pit from descending towards the flame ; and such 
a lamp, he thought, might be taken inte a dangvrous 
atmosphere without risk of exploding. 

* Goch was Stephenson’s theory when he procoeded to 
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embody his idea of a miner's safcty-lamp in a practical 
form. In the month of August, 1815, he requested his 
friend Nicholas Wood, the head viewer, to prepare a draw- 
ing of a lamp according w the description whieh ho 

him. After several cvonings’ careful deliberations, the 
drawing was made, and shown to several of the head men 
about the works. 

Stephenzon proceeded to order a lamp to be made by 
a Nowcastle tinman, according to his plan ; and at the same 
timo he directed a glass to be made for the lamp at the 
Northumberland Glass House. Both were received by him 
from tho makers on the 21st Octuber, and the lamp was 
taken to Killingworth for the purpose of immediate experi- 
ment, 

“I remomber that evening as distinctly as if it had been 
but yesterday,” said Robert Stephenson, describing the 
circumstances to the author in 1857: “ Moodie came to our 
cottage about dusk, and asked, ‘if father had got bagk yet 
with the lamp?’ ‘No.’ ‘Then I'll wait till he comes,’ 
eaid Moodie, ‘he can’t be long now.’ In about half-an- 
hour, in came my father, his face all radiant. He had the 
Jamp with him! It was at once uncovered, and shown to 
Moodie. Then it was filled with oil, trimmed, and lighted. 
All waa ready, only the hoad viower hadn't arrived. ‘Run 
over to Benton fur Nichol, Robert, said my father to me. 

and ask him to come directly; say we're going down the 
pit to try the lamp.’ By this time it was quite dark; and 
off I ran to bring Nicholas Wood. His house was at 
Benton, about a mile off There was a short cut through 
the Churchyard, but just as I was about to pass the wicket, 
I saw what I thought was a white figure ated about 
amongst the grave-stones. 1 took it fora ghost! My heart 
fluttered, and I was in a great fright, but to Wood's house I 
must get, so I made the circuit of the Churchyard; and 
when I got round to the other side I looked, and lo! the 
was still there. But what do you think it was? 

Only the grave-digger. plying his work at that late hour by 
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the light of bis lanthorn set upon one of the gravestones! 
I found Wood at home, and in a few minutes he was 
mounted and off w my father’s. When I got back, L wa 
told they had just left—it was then about cleven—and 
gone down tho shift to try the lamp in one of the most 
dangerous parts of the mine.” 

Arrived at the bottom of the shaft with the lamp, the party 
directed theit steps towards one of the foulest galleries in the 
pit, where the explosive gas was issuing through a blower in 
the roof of the mine with a loud hising noine. By erecting 
some deal boarding round that part of the gullery into which 
the gas was escaping, the air was made more foul for the pur- 
ose of the experiment. After waiting about an hour, Mvodic, 
whose practical experience of fire-damp in pits was greater 
than that of cither Stephenson or Wood, was requested to 
go into the placo which had thus buen made foul; and, 
having dune so, he returned, and told them that the soul] 
of tho air was such, that if a lighted candle were now 
introdiced, an explosion must inevitably take place, He 
cautioned Stephenson as to the danger both to themselves 
and to the pit, if the gis took fire tut stephonson 
declared his confidence in the safety of his lump, and, 
having lit the wick, he boklly proceded with it towards 
the explosive air. The others, more timid and doubtful, 
hung back when thoy came within hearing of tho blower; 
and apprehensive of the danger, they rtired into a safe 
place, out of sight of the lamp, which gradually dis 
appeared with its bearer in the recesses of the inine.* 


‘The Editor of the ‘ Athenwum' 
having (Nov, 8th, 1862), chame- 
terized the anthor’s account of 
thi affkir es * ly ‘untrue ™ 
nnd a “fetion” it becomes neces 
sary to ey a fow words im expls- 
naflon of. ‘The Eiftor of the 
“Athonmeum’ quotes in support of 
his statement  pesege from Mr. 
Nicholas Wood, who, does 
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96 STEPHENSON'S COURAGE IN TRYING IT. 
Advancing to the place of danger, and entering within 
the fouled air, his lighted lamp in band, Stephenson held 
it firmly out, in the full current of the blower, and 
within a fow inches ofits mouth! Thus exposed, the flame 
of the lump at first increased, then flickered, and then 
went out; but there was no explosion of tho gas. Re- 
turning to his companions, who were still at 4 distance, 
he told them what had oveurred. aving now acquired 
yomowhat more confidence, they advanced with him to a 
point from which thoy could observe him repeat his ex- 
periment, but still at a safo distance, They saw that 
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statement. The fucts were verbally 
communicated to the author in (he 
fit_place by Itobert Stephenson, 
to whom tho chapter was after 
wordy read in MS., in the presence 
of Mr, Sopwith, F.RS, at 
Stephenson s house in Gloucester 
Square, and reevived his entire 
spproval, But at the time af which 
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Btcyheraon said, that he tricd the 
first lamp “in a part of tho mina 
where the air wus highly explo 
sive, Nicholas Wood and John 
Mondiv were his companions when 
l was mado. ‘They becamo 
frightened when they came within 
hearing of the blower, ané would 
not goeny further, Myr. Stephen- 
aon went alone with the Inmp te 
tke month of tho blower," &e. 
This evidenco was confirmed: 
cone brent eg ee the air of 
place where the cxperiment 
wns about to be tried was such, 
that, if a lighted candle had been 
introduced, an explosion would 
have taken place that would have 
‘poun “extremely dangerous.” “Told 
Stephenson it was foul, aud hinted 
Stephenson ald try tho. lacy. 
ror 1 lamp 
confiding in its safcty, Stephen- 
am took the lamp and wont with 
‘it into the place fa which Moodie 
had been, and Moodie and Wood, 
apprehensive of the danger, retired 
{te ® gratcr distance,” do. ‘fhe 
other detaila of the statement made 
in the text, are fully borne out by 


which was not contradi-ted, but in , tho published evidenos, the accu- 
ail material points contimod by | mey of which, so far as the authuc 
‘Wood, and was published, we be: is aware, has never before been 
Bove, ‘with his eauction. “George celled in question. ‘ 
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when the lighted lamp was held within the explosive mix- 
ture, there was a great flame ; the lamp became almont full 
of fire; and then it smothered out. Again returning to hiv 
companions, he relighted the lamp, and repeated the experi- 
ment several times with the same result. At length Wood 
and Moodie ventured te advance close to the fouled part of 
the pit; and, in making some of the Jater trials, Mr. Wood 
himself held'up the lighted lamp to the blower. 

Before leaving the pit, Stephenson expressed hin opinion 
that by an alteration of the aap which he then conten 
plated ho could make it burn better ; this was by a chunge in 
the olide throngh which the air was admitted into the luwer 
part, under the fume. After making somo eaxperim nis on 
the air collected at the blower, by bladders which were 
mounted with tubes of various diameters, bo sitinfied him- 
self that, when the tubo was reduced to a certain dimucter, 
tho foul air would not pass through; and be fushioued hia 
slide accordingly, reducing the diameter of the tub wutil he 
oonvived it was quite safe. In Ybout a fortnight the 
experiments wero repeated, in a placo purposely made foul 
as before; on this occasion a lurger number of persuns ven- 
tured to witness them, and they aguin proved nuceesmful. 
The lump was not yet, however, so efficient us the inventor 
desired. It required, he observed, to be kept very stendy: 
whan buning in the inflammable gas, otherwine it was 
Jiablo to go out, in consequence, a» bo imagined, of tho 
contact of the burnt air (as he then called it), or azotic yas, 
which ludged round the exterior of the flame, If the hanp 
was nwved horizuntally, the azote came in contact with the 
flame und extinguished it. “It struck me,” said he, “ that if 
I put more tabes in, I should dischargo tho poinonuna 
matfer that hung round the flame, by admitting the uir tu 
its exttior part.” Although he had then no access to scien- 
tific bouks, nor intercourse with scientific wen, nor anything 
that could assist him in his investigation, besides hi. own 
indefatigable spirit of inquiry, he contrived a rude apparatus 
by which he tested the explosive properhea of the gus and 
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the velocity of current (for this war the direction of his 
inquiries) necessary to enable the explosive gas to pas 
through tubes of different diameters In making these 
exporiments in his bwable cottage at the West Moor, 
Nicholas Wood and George's son Robert usually acted as 
his amistanta, and sometimes the gentlemen of the neigh- 
bourhowd interested in coal-mining attended as spectatora, 

Theso experiments were not performed withont risk, for 
on one vocusion the experimenting party had nearly blown 
off the roof of tho cottage, One of there “ blows up” was 
described by Stephenson himself before the Committee on 
Accidents in Coal Mines, in 18:35: “1 made several experi- 
ments,” suid he, “as to tho velocity required in tubes of 
difforent diameters, to prevent explosion from fire-damp. 
We made the mixtures in all proportions of light car- 
buretied hydrogen with atmospheric air in the receiver, 
and wo found by the cxperiments that when a current of 
the most explosive mixture that we could make was forced 
up a tube jt; of an inch in diameter, the necossary current 
was 9 inches in a second to prevent its coming down that 
tube. ‘There experiments were repeated several times. We 
had two or three blows up in making the eapcrimeuts, by 
the flame getting down into the receiver, though we had a 
piece of very fino wire-ganze put at the bottom of the pipe, 
between the reoviver and the pipe through which we were 
forcing the curent. In one of these experiments 1 was 
watching the flamo in tho tube, my son was taking the 
vibrations of the pendulnm of the clock, and Mr. Wood 
was attending to give mo the column of water as I called for 
it, to keep the current up to a certain point. As I saw 
the flame descending in the tube I called for more water, 
and Wood unfortunately turned the cock the wrong way, 
the current ceased, the flame went down the tube, and al} 
our implements wore blown to pieces, which at the time 
‘we were not very able to replace.” 

Stephenson followed up those experiments by others of 
asimilar kind, with the view of ascertaining whether or 
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dinary flame would pass through tubes of a small diameter 
and with this object he filed off the barrels of several mall 
keys, Lacing there together, he held them perpendicularly 
over a strong flame, and ascertamed that it did not poss 
upward. This was a farther proof to him of the soundness 
of the conme he was pursning. 

In order to correct the defect of his first lamp ho resolved 
to alter it so as to admit the air to the flame by several 
tubes of reduced diameter, instead of by a single tule. He 
inferred that a gufflcient quantity would tins} 
Auced into the lamp for the purposes of combustion, wh 
tho smallness of the apertures would tilt prevent the ex- 
plosive gis parsing downwards, at the sume time that the 
“burnt air” (the canse, in his opinion, of the lanp going 
aut) would be more effectually dislodged. He accordingly 
took the lamp to a tinman in Newcastle, and had it altered 
go that the air was admitted by three small tnhes inserted 
in the, bottom of tho lamp, the openings of which were 
placed on the outside of the burner, instead of having (ns in 
the origiual lamp) tho ono tubo opening directly under the 
flame. 












This second or altered lamp was tried in tho Killingwmth 
pit on the 4th November, and was found to burn better 
than the fitet, and to be perfectly suf. But oy it did 
not yet come quite up te the inventor's expectations, he 
proceeded to contrive a third Jamp, in which he proposed to 
surround the oil vessel with a number of capillary tuber. 
Then it struck him, that if he cut off tho middle of the 
tubes, or made Loles in aotal plates, placed at a distance 
from each other, equal to the length of tho tubes, the air 
would get in Wetter, and the effect in proventing explosion 
wayld be the same. 

He was encouraged to persevere in the completion of his 
eafety-lamp by the occurrence of several falal accidents 
about this time in the Killingworth pit. On tho 9th 
November a boy was killed by a blast in the A pit, at the 
very place where Stephenson had made the experiments 
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with his first lamp; and, when told of the accident, he 
observed that if the boy had been provided with his lamp, 
his tify would hava beon saved. On the 20th November he 
went over to Newcastle ty order his third lamp from a 
plumber in that town. The plumber referred him w his 
clerk, whom Stephenson invited to join him at a neighbour- 
ing publicchouso, where thoy might quictly talk over the 
matter, and finally scttlo the plan of tho new lamp. They 
adjourned to the “Newcastle Arms,” near the present High 
Level Bridge, where they had some alv, and a design of the 
Jamp was drawn in pencil upon a half-shect of foolacap, with 
@ rough specification subjomed. The sketch, when shown to 
us by Robert Stephenson some yoars since, still bure tho 
marks of the alo. 1t was a very rudo design, but sufficient 
to work frum. It was immediately placed in tho hands of 
tho workmen, finished in the course of a few days, and 
experimentally tosted in the Killingworth pit liko the 
provious lamps, on tho 30th November. At that time 
neither Steplienson nor Wood had hoard of Sir Humphry 
Davy’s experiments nor of the lamp which that goutleman 
propused to construct. 

An angry controversy afterwards took place as to the 
Tespective merits of George Stephenson and Sir Humphry 
Davy in respoct of the invention of tho safety-Jamp. A 
committeo was formed on both sides, and the facts were 
stated in various ways. It is perfectly clear, however, that 

had ascertained the fact that flamo will not pasa 
through tubes of a cortain diameter—the principle on which 
the safety-lamp is constructed—before Sir Humphry Davy 
had formed any definite idea on the subject, or invented 
the model lamp afterwards exhibited by Lim before the 
Royal Society. Stephenson had actually constructed a 
lamp on such » principle, and proved its safety, before Sir 
Humphry had communicated his views on the subject to any 
person ; and by the time that the first public intimation had 
been given of his discovery, Stephenson's second lamp had 
been constructed and tested in like manner in the Killing. 
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worth pit, Tho jira wan tried on the 21st October, 14105 
the second was tried on tho 4th November ; but it was not 
until the 9th November that Sir Humphry Davy prescnted 
his first lamp to the public. And by the 301b of the shame 
month, as wo have acen, Stephenson bud constructed und 
tusted his third safety-lamp, 

Stephenson's theory of the “burntair ” and the * draught” 
was no doubt wrong; but his lamp was right, and that was 
the great facttwhich mainly concerned him. Torricelli did 
not kuow the rationale of his tube, nor Otto Guiike that of 
his sir-pump; yet no ono thinks of denying them tho 
merit of their inventions on that account The dincoveries 
of Volta and Galvani were in like manner independent of 
theory ; the greatest discoveries consisting in Ininging to 
light certain grend facts, on which theories are afterwards 
framed. Onur inventor had boon pureuing the Baconian 
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method, though he did not think of that, but of inventing a 
safe lamp, which he knew could only be done through the 
process of repcated experiment. [He experimented upon the 
fire-damp at the blowers in the mine, and aleo by means of 
the appuratus which was blown up in his cottage, as abuve 
described Ly himsclf. By experiment he distinctly ascer- 
tained that tho explosion of fire-danp could nut pass through 
staal] tubes ; and he also did what hud not befure been done 
by any inventor—ho constructed a lamp on this principle, 
and repeatedly proved ita safety at the muk of his life. At 
the same time, there is no doubt that it was to Sir Tumphry 
Davy ihat the merit belonged of having pvuinted out the 
true law on which the safety-lamp is constructed. 

‘The subject of this important invention excited so much 
interest in the northern mining districts, and Stephen- 
xon's numerous friends considered his lamp so completely 
successful—having stood the test of repeated expcriments— 
that they urged him to bring his invention before the 
Philogophical and Litaary Society of Newcastle, of whose 
apparatus he had availed himsclf in the course of his experi- 
ments on firodamp. After much persuasion he consented, 
and a mecting was appointed for the purpove of receiving 
his cxplunations, on the evening of the 5th December, 1815. 
Stephenson was at that time so diffident in manner and 
unpractised in specch, that he took with him his friend 
Nicholas Wood, tu act as his interpreter and expovitor on the 
veecasiun. From eighty to a hundred of the must intelligent 
inembers of the society were present at the mecting, when 
My. Wood stood furward to expound the principles on whieh 
the lamp had been formed, and to describe the details of its 
construction. Several questions were put, to which Mr, 
Wood proceeded to give replies to the best of his know] 

But Stephensun, who up tv that time had stood behind 
Woud, soreened frou notice, observing that the explanations 
given were nut quite correct, cuuld nv longer control his 
reserve, and, standing forward, he proceeded in his strong 
Northumbrian dialect, to describe the lamp, down to its 
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minutest detaile. Ie then produced several Madders full of 
carburetted hydrogen, which he bad culleetd from the 
blowers in the Killingworth mine, and proved the safety 
of his lamp by nruerous experiments with the gas, repeated 
im various wavs; his carnest and impressive manner exciting 
in the minds of his auditors the liveliest interest both in the 
inventor and his invention. 

Shortly after, Sir II. Davy's model lamp was received 
ant exhibited to the coal-miners at Newcastle, on which 
occasion the observation was made by several gentlemen, 
“Why, it is the sume as Stephenson's!” 

Notwithstanding Stephenson's clain to be reyinded ax the 
first inventor of the ‘Tube Safety-hunp, his merita do not 
seem to have been generally recognined ; and Sir Hmuphry 
Davy carried uit the larger share of the éclat which attached 
to the discovery. What chance had the unkuewn work- 
man of Killmgworth with go distinguinhed a competitor? 
‘Tho one was as yet but a colliery engiuewright, mutce rained 
above the manual-labour class, pursuing his experiments in 
obscurity, with u view only tu uscfuluces; the other was the 
scientific prodigy of his da}, the most brilliant of lecturora, 
and the most popular of philosophers. 

No small indignation was expressed by tho friends of Sir 
Humphry Davy at Stephenson's “ presumption” in laying 
claim to the invention of the safety-Jamp. In 14:31 Dr. Parin, 
in his ‘Life of Sir Humphry Davy,’ thas wroty :—* It: will 
hereafter boscarcely believed that an invention so eminently 
scientific, and which could never have been derived but 
from the sterling treasury of science, should have been 
claimed on behalf of an engine-wright of Killingworth, of 
the name off Stephenson—a person not even possessing o 
kgowledgo of the clunents of chemistry.” 

But Stephenson was far above cluiming fur himeelf any 
inventinn not his own. He had already accomplished a far 
greater feat than the making of a safoty-lamp—he had con- 
structed a successful locomotive, which was to be sen in 
fiaily work on the Killingworth railway. Fy the wapruve 
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ments ho had made in the engine, he might almost be said 
to havo invented it ; but no one—not even the philosuphers— 
detected the significance of that wonderful machine. What 
Yailways were to become, rested ina great measure with that 
“ongino-wright of Killingworth, of the name of Stephen- 
son,” though ho was scarodly known as yet boyond the 
bounds of hs own district. 

As to the value of tho invention of the safety-lamp there 
could be no doubt ; and the colliery owners of Durham and 
Northumberland, to testify their ‘sense of its importance, 
determined to present a testimonial to ity inventor. Tho 
friends of Sir Il. Davy met in August, 1816, to take steps 
for raising a subscription for the purpose, The advertised 
object of the mecting was to present him with a reward for 
“tho invention of his safcty-Jamp.” To this no objection 
sould be takon; for though tho principle on which the 
sufoty-lamps of Stephenson aud Davy were constructed was 
tho samo ; and although Stephenson’s lamp was, unquestion- 
ably, tho first successfullamp that had been constructed on 
such principle, and proved to bo efficient,—yet Sir 11. Davy 
did invent a safety-lamp, no doubt quite independent of all 
that Stephenson had done; and having directed his careful 
attention to the subject, and elucidated the true theory of 
explosion of carburetted hydrogen, he was entitled to all 
praise and reward for his labours. But when the mceting 
of coal-owncrs propused to raise a subscription for the 
purpose of presenting Sir H. Davy with a reward fur “his 
invention of the safvty-lamp,” the case was cntirely altered ; 
and Stephenson’s friends then proceeded to assert his claims 
to be regarded as its first inventor. 

Many meetings took place on the subject, ahd much dia- 
ousaion ensued, the result of which was that a sum of 20002. 
was presented to Sir Humphry Davy as “tho inventor of the 
safety-lamp ; ” but, at the same time, a purse of 100 guineas 
was voted to George Stephenson, in consideration of what he 
had done in the same direction. This result was, however 
very unsatisfactory to Stephenson, as well aa to his friends, 


Guar, VI. LETTER TO “THE PAPERS.” 105 


and Mr. Drandling, of Gosforth, suggested to him that, the 
subject being now fairly before the public, he should publish 
@ statement of the facts on which his claim was founded. 
This was not at all in George's line. He had never 
appeared in print; and it seemed to him a more formidable 
thing to write a letter for “the papers” than to invent a 
wafoty-lamp or design a locomotive, However, he called te 
his aid his nin Robert, set him down before a sheet of foolk 
gap, and told him to “put down thore just what 1 tell 
you.” The composition of this letter, ax we were informed 
by the writer of it, occupied mere evenings than one; and 
when it was at length finished, after many corrections, and 
fairly cupicd ont, tho father and son set out - the latter 
resaed in his Sunday's round jacket—to lay the joint pro- 
duction heforo Mr. Rrandling. at Gosforth Meuse, Cancing 
over the letter, Mr. Brandling said, “ George, this will never 
do.” “Jt is all true, sir,” was the reply. © That may be; 
but it is badly written.” Robert blunhed, for he thought 
the penmanship was called in question, and he had wiitten 
his best. Mx, Brandling, however, revised the letter, which 
was shortly after published im tho loco] journals, 
Stcphenson’s friends, fully satisfied of his claims to priority 
as the inventor of tho safuty-Iamp used in the Killingworth 
and other collicriex, held a public mecting for the prrporo 
of presenting him with a rewarl “for the valuablo scrvico 
ho had thus rendered to mankind.” A subscription was 
immediately commenced with this objoct, aud a commit- 
tee was formed, consisting of the Earl of Strathmore, 
C. J. Brandling, and others, The subscriptions, when 
collected, amounted to 1000/7. Dart of the money was 
devoted to the purchase of a silver fankard, which was p1o- 
sented to the inventor, together with the balance of the 
subscription, at a public dinner given in the Aswmbly 
Rooms at Newcustle.* But what gave Stephenson sven 








* The tankard bore the follow- ite, haaed with n part of the 
tng, inscription — “This piece | Eon of 100% , me aubserigeinn rand 
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greater ploesure than the silver tankard and purse of sove- 
reigns was tho gift of a silver watch, purchased by small 
subscriptions amongst the colliers themselves, and presented 
by them as a tuken of tHeir personal esteem and regurd for 
him, a» well as of their gratitude for tho perseverance and 
skill with which he had prosecuted his valuable and life- 
saving invention to a successful issue. 

However great the morits of Stephenson ‘in connexion 
with tho invention of the tube safcty-lamp, they cannot 
be regarded as detracting from the reputation of Sir 
Humphry Davy. His inquiries intw the explosive pro- 
portics of carburctted hydrogen gas were quito original; 
and his discovery of the fact that explosion will not pasa 
through tubes of a certain diameter wan made independently 
of all that Stephenson had dune in verification of the same 
fact. It even appears that Mr. Smithson Tennant and 
Dr. Wollaston had observed the samo fact several years 
before, though neither Stephensun nor Davy knew jt while 
they were prosccuting their experiments. Sir Humphry 
Davy's subsequent modification of the tubo-lamp, by which, 
while diminishing the diameter, he in the same ratio 
shortened the tubes without danger, and in the form of 
wire-gauze enveloped tho safety-lamp by a multiplicity of 
tubes, was a beautiful application of the true theory which 
he had formed upon the subject. 

The increased number of accidents which have occurred 
from explosions in coal-mines rince the general introduction 
of the Davy lamp, havo led to considerable doubts as to ita 
safety, and to inquiries as to the means by which it may 
be further improved; for experience has shown that, under 
certain circumstances, the Davy lamp is not dafe. Seren 





for the remuneration of Mr, Gzonae | safety-lamp calculated for the pre- 
SrepuEnsoy for having discovered ‘ servation of human life in sitter 
the fact that inflamed fire-dam) fons formerly of ino greatest 
will at Tew through tubes py ep ety 
apertures of small oe mheaiben, 
Drie cites i falas John Brandl agit 
principle in the ‘construction of a | the Chair. anuary 12 sia 
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eon was himeclf of opinion that the modification of his own 
and Sir Tumphry Davy’s lamp, combining the glasa cylinder 
with the wire-gauze, was the most secure; at the same time 
it must be admitted that the Davy and the Geordy lamps 
alike fuiled to stand the severe tests to which they were 
submitted by Dr. Pereira, before the Committees on Acci- 
denta in Mines. Indeed, Dr. Pereira did not hevitate to 
pay, that whtn exposed to a current of uxplosive gus thu 
Davy lamp is “decidedly unsafe,” and that the oxperiments 
by which its safety had beon “demonstrated ” in the lecture- 
room had proved entirely “fallacions.” 

It is worthy of remark, that under cirenmstances in 
which the wire-gauze of the Davy lump becomes red-hot 
from the high explosivences of tho gas, the Gicurdy lamp is 
extinguished ; and we cannot but think that this fiot 
testifies to tho decidedly superior safety of the Geurdy. 
An accident occurred in the Oaks colliery Pit at Burnsloy, 
on the 20th August, 1857, which strikingly exemplificd 
tho respective qualitios of the lamps, A sudden outburst 
of gas took place from the floor of the mine, along u dis 
tanoe of fifty yards. Fortunately the men working in ks 
pit at the time were all supplied with sufety-lumpy—the 
hewers with Stephenson’s, and tho hurriers with Davy's. 
Upon this occasion, the whole of tho Stephenson's lainpa, 
over a space of five hundred yards, wore oxtinguished almost 
instantaneously ; whereas the Davy lumps were filled with 
fire, and became red-hot—sv much #0, that several of the 
men using them had their hands burnt by the guuze. 
Had a strong current of air been blowing through the 
gallery at the time, an explosion would most probably buve 
taken place—#a accident which, it will be observed, could 
not, under such circumstances, occur from the we of the 
Geordy, which is immedintely extinguished a4 soon as the 
air becomes explosive.* _ 


* ‘The necident above referred to Times’ 8 copy of which, contain: 
was described in the * Darnley | ing the sconunt, Robert Stopbensos 
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Nicholas Wood, a good judge, has said of the two inven- 
tions, “Priority has been claimed for each of them—I 
believe tho inventions to be parallel. By different roads 
thoy both arrived at the same result. Stephenson's is 
the superior lamp. Davy’s is safo—Stepbenson’s is safer.” 

When. the question of privrity was under discussion at 
tho studio of Mr. Lough, the sculptor, in 1857, Sir Matthew 
White Ridley asked Hubort Stephenwm, who was present, 
for his opinion on the subject. Hie answer was, “I em not 
exactly the person to give an unbiased opinion; but, as 
you ask me frankly, I will as fiankly say, that if George 
Stephenson had never lived, Sir Humphry Davy could and 
most probably would have invented the safety-lamp; but 
again, if Sir Humphry Davy had never lived, George 
Stephenson certainly would have invent d the safety-lamp, 
ax I bolicve ho did, independent of all that Sir Humphry 
Davy had ever done in the mattor.” 


forwarded to tho author, with tho is, I think, worthy of record in my 
observation that “it 1s evidently father’s Lifo” 
Ynitten bya practical mina, ond 
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CHAPTER VIL 


Groncx Stxpmenson’s yurTHEE Imrrovements 1x THE Looo- 
worrve — Tas Herron Ranway— Rosrer Srarnxveon 
a8 Vrewsn’s ArpRENTICR aND Srupayt, 


Srersescon’s experiments on fire-damp, and his labours in 
connexion with the invention of the safety-lamp, occupied 
but a small portion of his time, which was nocessarily 
devoted for the most part to tho ordinary business of the 
colliery. From tho day of his appointinent as engine- 
wright, one of the subjects which particularly ovcupied his 
attention was the best practical method of winning and 
raising,the coal. Ile was one of the first to introduce 
steam machinery underground with tho lattor object. In- 
deed, the Killingworth mincs came to be regarded as the 
models of the district; the working arrangements generally 
being conducted in » skilful and efficient manner, reflecting 
the highest credit on tho colliery engineer. 

Besides attending to the underground arrangements, the 
improved transit of the coals abuveground from the pit- 
head to the shipping-plece, demanded an incroasing share of 
his attention. Every day's experience convinced him that 
the locomotive constructed by him after his patent of the 
year 1815, was far from porfoct; though ho continued to 
entertain confident hopes of its eventual sucocaa. Ie éven 
went so far as*to say that the locomotive would yet super- 
sed every other traction-power for drawing heavy loads. 
Many still regarded his travelling engine as little better 
thon a curious toy; and some, shaking their heads, pre- 
dicted for it “a terrible blow-up some day.” Nevertheless, 
it was daily performing its work with regularity, dragging 
tht coul-waggons between the colliery and the staiths, and 
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saving the labour of many men and horses. Yhere wae 
not, however, co marked a saving in haulage as to inducs 
the colliery masters t adupt locomotive power generally an 
@ substitute for horses. How it could bo improved and 
rendered more efficient as well as economical, was constantly 
Present to Stephenson’s mind. 

At an carly period of his labours, or about the time when 
he had completed his eocond lucomotive, he began to direct 
his particular attention to the stato of the Road; as ho 
perceived that the extended use of the locomutive must 
necessarily depend in @ great measure upon tho perfection, 
solidity, continuity, and smoothness of the way along which 
the engine travelled. Even at that carly period, he was 
in the habit of regarding the road and tho locomotive as 
one machine, speaking of the rail and the wheel as “man 
and wife.” 


All railways were at that time laid in a carcleas and 
loose manner, and great inequalities of level wore allowed 
to occur without much attention being paid to repairs, The 
consequence wes a great logs of power, as well as much tear and 
Fear of tho machinory, by the frequent jolta and blows of 
“the wheels against the rails, His first object therefore was, 
to removo the inequalities produced by the imperfect junc- 
tion between rail and rail, At that time, (in 1816) the 
rails were made of cast iron, each rail being about three 
feet long; and sufficient care was not taken to maintain the 
points of junction on the same level. The chairs, or cast- 
iron pedestals into which the rails were insorted, were flat 
at the bottom; so that, whenever any disturbance took 
place in the stone blocks or sleepers supporting them, ihe 
flat base of the chair upon which the raili rested being 
tilted by unequal subsidence, the end of one rail became 
depressed, whilst that of the other was elevated. Hence 
constant jolta and shocks, the reaction of which very often 
caused. the fracture of the rails, and occasionally threw the 
engine off the road. 

To remedy this imperfection Mr. Stephenson devised 9 
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new chair, with an entirely new mode of fixing the rails 
therein. Instead of adopting tho buttjoint which had 
hitherto been wed in all cast-iron raila, he adupted thy 
halflap joint, by which means the rails extended a certain 
distance over cach other at the ends, like a scurf-joint. 
These ends, instead uf resting upon the flat chair, were 
mado to rest upon 
the apex of a curve 
forming the bot- 
tom of the chair. 
Tho supports were 
also extended from 
threo fect to threo 
feet nine inches or 
four foct apart. Theo mils were accordingly substituted 
for the old cast-iron plates on the Killingworth Colliery 
Railway, and they were found to be a very great improve- 
ment upon the previous aystem, adding both to the effi- 
ciency of the horse-power, still employed in working the 
railway, and to tho smouth yction of the locomotive engine, 
‘but more particularly increasing the efficiency of the lathe 

This improved fonn of rail and chair was embolied in a 
patent taken out in the joint names of Mr. Losh, of New- 
castle, iron-founder, and of Mr. Stephenson, bearing date 
30th September, 1816. Mr. Lesh being a wealthy 
prising iron-manufacturer, and having confidence in 
Stephenson and his improvements, found the moncy for the 
purpose of taking out the patent, which, in thone days, was 
@ very costly as well as troublesome affair. 

The specification of tho same patent also described various 
important improvements in the locomotive itwlf. Tho 
whebls of the engino were improved, being altered from 
cast to malleable iron, in whole or in part, by which thoy 
were made lighter as wellas more durable and safe. But 
the most ingenious and original contrivance embodied in 
thjs patent was the substitute for springs which Mr. Ste- 
phenzon invented. He contrived that the steam generated 





Halhtap Joint, 
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in the boiler should perform this important office, The 
method by which this was effected displayed such genuine 
mechanical genius, that we would particularly call atten- 
tion to the device, which was tho more remarkable, as it 
‘was contrived long before the possibility of steam loco- 
motion had become an object of general inquiry or of public 
interest. 

It bas already been observed that up to, and indeod after, 
the period of which we speak, there was no euch class of 
ekilled mnechanica, nor wore there any such machines and 
tuols in use, 98 aro now available to inventors and manufac- 
torera, Although skilled workmen were in course of gradual 
training in a fow of the larger manufacturing towns, they 
did not, at the date of Stephenson's patent, exist in any con- 
+ iderable numbers, nor was there then any class of mechanios 
capable: of constructing springs of sufficient strength and 
elasticity to support locomotive engines of ten tons weight. 

Tn order to avoid the dangers arising from the inequalities 
of the road, Stephenson so arranged the boiler of his new 
patent locomotive that it was supported upon the frame of 
fhe ongine by four cylinders, which opened into the interior 
of the boiler. These cylinders were occupied by pistons 
with rods, which passed downwards and pressed upon the 
upper side of the axles. The cylinders opening into the 
interior of the boiler, allowed the pressure of steam to be 
applied to the upper side of the piston; and the pressure 
being nearly equivalent tu one-fourth of the weight of the 
engine, cach axle, whatever might be its position, had at all 
times nearly the same amount of weight to bear, and conse- 
quently tho entire weight was protty equally distributed 
amongst the four wheels of the locomotive. ‘Thus the four 
See Pe alias te echt cad ta Oe ne 

of springs in equalising the weight, and in softening the 
jerks of the machine; the weight of which, it must also be 
observed, had been increased, on a road originally caloulated 
to bear a considerably lighter description of carriage. Thia 
mode of supporting the engine remained in use until the 
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progress of spring-making had so far ailvanced that steel 
springs could be manufactured of sufficient strength to bear 
the weight of lucomotive engincs. 

The result of tho actual working of the new locomotive 
on the improved read amply justified the promise heli 
forth in the specification. The traffic was conducted with 
greater regularity and cconomy, and the mporiority of tho 
engine, ns compared with horse traction, became still nore 
marked. It ig a fact worthy of notice, that the iduntical 





O14 Kullmgworth Locomotive, stil? m use, 


engines constructed in 1816 after the plan above described 


are to this day to be seen in regular uscful work upon tho 
Killingworth Railway, conveying hoavy coal-trains at tho 
speed of between five and eix miles an hour, probably as 
economigally as any of the more perfect locomotives now in 
DBGs 


Mr, Stephenson's endeavours having been attended with 
w 1 
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euch marked gnocess in the adaptation of locomotive power 
to railways, his attention was called by many of his friends, 
about the year 1818, to the application of steam to travelling 
on common roade, It tas from this point that the locv- 
motive started, Trevithick’s first enginc having been con- 
structed with this special object. Stephenson's friends 
having observed how far behind he had left the original 
projector of the locomotive in its application to railroads, 
perhaps naturally inferred that he would be equally suc- 
cessful m applying it to the purpose for which Trevithick 
and Vivian had intended their first engine. But the 
accuracy with which he estimated the resistance to which 
loads wero exposed on railways, arising from friction and 
gravity, lod him at a very early stage to reject the idoa of 
evor applying steam power economically to common-road 
travelling. In October, 1818, ho made a sories of careful 
experiments in conjunction with Nicholas Wood, on the 
resistance to which carriages wero exposed on railways, 
testing the resulta by means of a dynamometer of his own 
construction. The series of practical observations made by 

vans of this instrument were interesting, as the first 
systematic attempt to determine tho precise amount of 
resistance to carriages moving along railways. It was then 
for tho first time ascertained by experiment that the friction 
was a constant quantity at all velocitics. Although this 
theory had long before been developed by Vince and 
Coulomb, and was well known to sciuntific men as an 
ostablished trath, yot, at the time when Stephenson made 
his experiments, the deductions of philosophers on the 
subject were neither believed in nor aaot upon by prac 
tical engincors. 

He ascertained that the resistances to traction ,were 
mainly threo; the firet being upon the axles of the car- 
riages, th seoond, or rolling resistance, being between the 
circumference of the wheel and the surface of the rail, and 
the third being the resistance of gravity. The amount of 
friction and gravity he could accurately ascertain; but, the 
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rolling resistance was @ matter of greater difficulty. being 
mbject to nich variation. He satisfied himeclf, however, 
that it wrs so great when the surface presented to the 
wheel was of a rough character, that the idea of working 
steam onrringes coonomically on common roads was dix- 
missed by him as entirely impracticable. Taking it aa 
10 Ibs tu a top weight on a level railway, it beeame obvious 
to him that so small a rise as 2 in 100 wonld diminish the 
useful cffurt of a locomotive by upwarla of 50 per cont. 
This was demonstrated by repeated experiments, and the 
important fact, thns rooted in his mind, was never lost 
sight of in tho courso of his futuro railway carver. 

‘It was owing in a groat measure to these painstaking 
experiments that he early becamo convinced of the vital 
importance, in an economical puint of view, of reducing the 
country throngh which a railway was intended fo pass as 
nourly as possible to a level. Where, ax in the first conl 
railways of Northumberland and Durham, tho Jowl wax 
nearly all ono way,—that is, from tho colliery to thu 
shipping-place,—it was an advantage to have an inclination 
in that direction. ‘The strain on the powers of the lucons~, 
tive was thus diminished, and it was caxy for it t haul the 
empty wagguns back to the colliery up oven a pretty steep 
incline. But when tho loads were both ways, ho devmed it 
of great importance that the railroad should be cupstracted 
as nearly a» possible on a level. 

Theso views, thus early entertainod, originated in Ste- 
phenson’s raind the peculiar character of railroad works os 
distinguished from other roads; fur, in railways, ho carly 
contended that Jarge sums would be wisely expended in per- 
forating barriers of hills with long tunnels, and in raising 
the dower levels with the excess cut down from the adjucent 
high ground. In proportion as these views forced them- 
selves upon his mind and were ourrborated by his daily 
experience, he became more and more convinced of the bupw- 
lesmess of applying steam locomotion to common roads ; fur 
evéry argument in favour of « level railway was, in his 

12 
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view, an argument against the rough and hilly courve of a 
commen road. 

Althongh Stephenson’s locomotive engines were in daily 
use for many years on the Killingworth Railway, they 
excited comparatively little interest. They were no longer 
experimental, but had become an established tractive power. 
‘The experience of years had proved that they worked more 
steadily, drow heavier loads, and were, on tho whule, con- 
siderably more economical than horses. Nevertheless eight 
years passed before another locomotive railway was con- 
structed and opened for the purposes of coal or other traffic, 

Stephenson had no means of bringing his important in- 
vention prominently under the notice of the publi. He 
himself know well its importance, and he already anticipated 
its eventual genoral adoption ; but being an unlettored man, 
hy cvuld not give utterance to the thoughts which brooded 
within him on the subject. Killingworth Colliery lay far 
from London, tho centre of scientific life in Englond. It 
‘wax visited by no savans nor literary men, who might have 
succecded in introducing to notice the wonderful machine of 

«{syphensun. Even the local chroniclers secin to have taken 
no notice of the Killingworth Railway. 

Thero seomed, indeed, to be so small a prospect of intro- 
ducing tho locomotive into genera! use, that Stephenson,— 
pothaps focling the capabilities within him,—again recurred 
to his old idea of omigrating to the United States, Before 
joining Mr. Burrel as partner in o small foundry at Forth 
Banks, Newcastlo, he had thrown out to him the sugges- 
tion that it would be a good speculation fur them to emi~ 
grate to North America, and introduce steamboats upon tho 
groat inland lakes there. The first steamers were thon 
plying upon the Tyne before his eyes; and he saw in them 
the germ of s great revolution in navigation. It occurred 
to him that North America prosented the finest field for 
trying their wonderful powors. He was an engineer, 
bia partner was an iron-founder; and between them he 
thought they might strike out a path to fortune in cho 
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mighty West. Fortunately, this idea remained a mere 
speculation so far as Stephenson was concerned: and it was 
ieft to others to do what he had dreamt of achieving. After 
all his patient waiting, his skill, industry, and perseverance 
were at length abunt to bear fruit, 

In 1819 the owners of the Hetton Colliery, in the county 
of Durham, determined to have their waggon-wny altered 
to a lucomotive railroad. ‘Tho result of tho working of the 
Killingworth Railway had been eo sutisfuctory, that they 
resulved to adopt the same system. Ono reawn why an 
experiment so long continued and 50 successful as that at 
Killingworth should have been so slow in producing results, 
perhaps was, that tu lay down a railway and furnish it 
with locomotives, or fixed engines where necessary, require 
@ very largo capital, beyund the means of ordinery cual- 
owners; whilst the small amount of interest felt in railways 
by the general public, and tho supposed impracticubility 
of working them to a profit, us yet prevented ordinary 
capitalists from venturing their mohey in the promotion at 
such undertakings The Hetton Coal | Company were, how- 
over, ponsessed of adequate imeans; and the local reputation, 
of the Killingworth engine-wright pointed him out as 
tho man best calculated to lay out their line, and superin- 
tend their works. They accordingly invited him to act a» 
the engineer of the proposed railway, which wus to be tho 
longest locomotive line that had, up to that timo, been eon- 
structed. Jt extended from the Hetton Colliery, situated 
about two miles south of Houghton-le-Spring, in the county 
of Durham, to the shipping-places on the banks of the Wear, 
near Sunderland. Its length was about eight miles; and 
in its course it crossed Warden Law, one of the highest 
‘hillg in the district. The character uf the country forbade 
the construction of'a flat line, or one of comparatively easy 
gradients, except by the expenditure of a much larger 
capital than was placed at the engineer's dixpomal. Heavy 
works could not be executed ; it was therefore necessary to 
fotm the line with but little deviation from the natural 
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conformation of the district which it traversed, and also tu 
adapt the mechanical methods employed for its working to 
the character of the gradients, which in some places were 
necessarily heavy. 

Although Stephenson had, with every step made towards 
ita increased utility, become more and more identified with 
the success of the locomotive engine, he did not allow his 
enthusiasm to carry him away into costly mistakes, He 
carefully drew tho line between tho cases in which the 
locumctive could be usefully employed, and those in which 
etationary engines were calculated to be more economical. 
This led him, as in the instance of tho Hetton Huilway, to 
executs lincs through and over rough countries, where gra- 
dicnts within the powers of the locomotive engine of that 
day could not be sccured, employing in their stead stationary 
engines where locamotives were not practicable. In the 
present case, this course was adopted by him most success- 
fully. On the original Hotton line, there were fivo self- 
acting inclines,—the full waggons drawing the empty ones 
here two inclines worked by fixed reciprocating engines 

of sixty horse power each. The locomotive travelling 
“Shine, or “the iron horse,” as the people of the ueighbuur- 
hood then styled it, did the rest. On the day of the opening 
of the Ifetton Railway, the 18th November, 1822, crowds of 
spectators assembled from all parts to witness the first 
operations of this ingenious and powerful machinory, which 
‘was ontirely sucocseful. On that day five of Ste] 's 
locomotives were at work upon the railway, under the 
direction of his brother Robert ; and the first shipment of 
coal was then made by the Hetton Company, at their new 
ataiths on the Wear. Tho speed st which the locomotives 
travelled wos about 4 miles an hour, and each engine 
dragged after it a train of 17 waggons, weighing about 64 
tons. 

While thus advancing step by step,—attending to the 
business of the Killingworth Colliery, and laying out rail- 
ways in the neighbourhood,—he wax sarefully watchiig 
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over the education of his eon. We have already secon thut 
Robert was sent to Bruce's school at Newcastle, where he 
remained about four years. He left it in the summer of 
1819, and was then put apprentice to Mr. Nicholas Wood, 
the head viewer at Killingworth, to learn the businces of 
the colliery. He served in that capacity for abunt taree 
years, during which time he Incame finniliar with most 
departments *of underground work. The occupation was 
not unattended with peril, ax the following incident will 
show. Though the uso of the Geordy lamp had hecome 
yeneral in the Killingworth pits, and the workmen were 
bom:4, under a penalty of half-a-crown, not to nse a naked 
candle, it wus difficult to enforce the rule, and even the 
masters themselves occasionally broke it. Que day Nicholas 
Wood, the hend viewer, Moodie the ander viewer, and 
Robert Stephenson, were proowsling, along one of the gal 

leries, Wood with a naked candle in hi» hand, and Hobert 
following him with a lamp. They came to a place where a 
fall of stones from the roof bad taken phi, on which Wood, 
who was first, proceeded to clamber over the stones, holding 
high the naked candle. He had nearly reached the summit 
of the heap, when the fire-damp, which had accunmlated uf 
the hollow of the roof, exploded, and instantly tho whule 
party were blown down, and the lights extinguished. They 
wore a mile from the shaft, and quite in the datk. There 
was a rush of the workpeoplo from all quarters towards tha 
shaft, for it was feared that tho fire might extend to more 
dangeruns parts of tho pit, where, if the gas had exploded, 
every soul in the mine must inevitably havo pcrished. 
Robert Stephenson and Moodie, on the first impulse, ran 
pack at full &peed along the dark gullery leading t» the 
shaft, coming into collision, on their way, with the hind 
quarters of a horse stunned by the explosion, When they 
had gone halfway, Movdie halted, and bethought him of 
Nicholas Wood. “ Stup, taddie!” said he to Rubert, “stop; 
‘we maun gang back, aud seck tho maister.” So they 
retreced their steps. Happily, no furthsr explosion bad 


120 ROBERT'S PURSUITS AT KILLINGWORTH. Cuar. VIL 


taken place. They found the master lying on the heap of 
stones, stunned and braised, with his hands severely burnt. 
They led him to the bottom of the shaft ; and he took care 
afterwards not to venture into the dangerous parts of the 
mino without the protection of a Geordy lamp. 

The timo that Robert spent at Killingworth as viewer's 
apprentice was of advantage both to his futher and himself. 
The evenings wore generally devoted to reading and study, 
the two from this time working together as friends and co- 
labourers. Ono who used to drop in at the cottage of an 
evening, well remembers the animated und eager discussions 
which on some occasions took pluce, more especially with 
reference to the growing powers of the locomotive engine 
The son was even more enthusiastic than the fathor on this 
subject. Robert would saggoxt numerous alterations and 
improvements in dotails, is father, on tho contrary, 
would offer every possible objection, defending the existing 
arrangements,—proud, nevertheless of his sun’s suggestions, 
and often warmed and pxcited by his brilliant anticipations 
of tho ultimate triumph of the locomotive, 

‘These discussions probably hed considerable influence in 
sniacing Stephenson to take tho next important step in the 
oducation of his son. Although Robert, who was only nine- 
teen years of age, was doing well, and was certain at the 
expiration of his apprenticeship to riso to a higher position, 
his father was not satisfied with the amount of instruction 
which he had as yet given him. Remembering the disad- 
vantages under which he had himeclf laboured through his 
ignorance of practical chemistry during his investigations 
connected with the safety-lamp, more especially with refer- 
ence to the properties of gas, as well us in th: course of his 
experiments with the object of improving the locomotive 
engino, ho determined to furnish his son with as complete 
a scientific cultnre as his means would afford. He also he- 
lieved that a proper training in technical science was indix- 
pensable to success in the higher walks of the engineer's’ 
profession ; and he determined to give to his ron that kind 
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and degree of education which he so much desired for him- 
self. He would thus, he knew. secure a hearty and gencrous 
co-workor in thy elaboration of the great idews now Inoming 
befure him, and with their united practical and scientific 
knowledge he probably felt that they would be equal te any 
enterprise. 

He acvordingly tovk Robert from his labours as under- 
viewer in the West Moor Vit, and in October, 1822, vont 
him to the Edinburgh University, there being then no col- 
lege in England accessiblo to persons of moderate means, 
for purposes of scientific culture, Robert was furnished 
with letters of introduction to several men of literary 
eminence in Edinburgh ; his father's reputation in connexion 
with the sufety-lamp being of service to him in this respect. 
He lodged in Drummond Street, in the immediato vicinity 
of the college, and attended the Chemical Lectures of Dr. 
Hope, tho Natural Philosuphy Lectures of Sir John Leslie, 
and tho Natural Tlistory Class of Professor Jameson. He 
also devoted several evenings in each week to the xtudy of 
practical Chemistry undor Dr. John Murray, himself one 
of the numerous designers of a safety lamp, He tovk care, 
ful notes of all thy lectures, which ho copied out at night 
lefore ho went to bed; so that, when he returned to Kil- 
Iingworth, he might read them over to his futher. Tle 
afterwards had the notes Lound np, and placed in bis 
brary. Long years after, when conversing with Thomas 
Harrison, (.E., at bis house in Gloucester Square, ho rove 
from his seat and took duwn a volume from tho shelves. 
Mr. Harrison observed that the bock was in MS., neatly 
written out. “What havo we hero?” he asked. The 
xnswor wes—* When I went to cvllege, 1 knew the 
liffigulty my father had in collecting tho funds to send me 
thore. Tefore going I studied short-hand; while at 
Edinburgh, I took down verbatim every lecture; and in 
the evenings, before 1 went to bed, I transcribed thos 
lectures word fur word. You see the result in that range 
of dooks.” 
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One of the practical aciences in the study of which Robert 
Stephenson took special interest while at Edinburgh was 
that of gelogy. The situation of the city, in the midst of 
a district of highly interesting geological formation, casily 
accessible to pedestrians, is indeed most favourable to the 
pursuit of such a study ; and it was the practice of Profeasor 
Jameson frequently to head a band of his pupils, armed with 
hammers, chisels, and clinometers, and take them with him 
on a long ramblo into the country, for the purpose of teach- 
ing thom habits of observation and reading to them from the 
open book of Nature itself, At the cluse of this sessiun, 
thy professor took with him a select body of his pupils on 
an oxcursion along the Great Glen of the Highlands, in 
the line of the Caledonian Canal, and Robert formed one 
of the party. They passed under the shadow of Ben 
Nevis, oxamined the famons old sea-margins known as the 
“parallel roads of Glen Roy,” and extended thvir journey 
as far as Inverness; the professor teaching the young men 
as they travelled how to observe in a mountain country. 
Not long before his death, Robert Stephenson spoke in 

wing terms of the great pléasure and benefit which he 

derived from that interesting excursion. “1 have 
travelled far, and enjoyed much,” he said; “but that de- 
lightful botanical and geological journey I shall never forget ; 
and I am just about to start in the Titanta for a trip round 
the east cost of Scotland, returning south through the 
Caledonian Canal, to refresh myself with the recollection 
of that first and brightest tour of my life.” 

Towards the end of the summer of 1822 the young stu- 
dent returned to Killingworth to reenter upon tho active 
business of life. The six months’ study had’ cost his father 
801.; but he was amply repaid by the better scientific 
eulture which his son had acquired, and the evidence of 
ability and industry which he was enabled to exhibit na 
prize for mathematics which he had won at tho Univorsity. 
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CHAPTER VIIL 


Gxonoe Srarmessox Excivggn of THE SToceToN AND 
, Dagtuxoron Ramwar. 


Tue district west of Darlington, in Durham, is one of the 
richest mineral fields of the North, Vast stores of coal 
andcrliv the Bishop Anckland Valley; and fiom an ewly 
period new and good roads to market wore felt to bo ex- 
cecdingly desirable, As yet it rommined almost a cloned 
field, the cost of transport of the coul in curts, or on horses" 
or donkeys’ Incks, greatly limiting the sale. Long ago, 
in the day» of canal formations, Brindley was consulted 
about a canal; afterwards, iu 1812, & tranuoul wap sure 
yeyed by Rennie; and eventually, in 1817, a 1ailway was 
projected frum Darlington tv Stuckton-on-Tecs, 





Of this railway Edward Pease was the projector. A 
thooghtfal and sagacious man, ready in resources, possessed 
of indomitable energy and perseverance, he was eminently 
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qualified to undertake what appeared to many the hopeless 
enterprise of obtaining an Act for a railway through such an 
unpromising district. One who knew him in 1818 said, “he 
‘was a man who could secu hundrid years ahead.” When the 
writer lant baw him, in the autumn of 1854, Mr. Pease was 
in his cighty-cighth year; yet he still possossed the hope- 





Eawaid Pea 


fulness and mental vigour of a man in his prime. Hale 
and hearty, and full of reminiscences of the past, he con- 
tinued to teke an active interest in all measures calculated 
to render men happier and better. Still sound in heath, 
his eye had not lost its brilliancy, nor his cheek ita colour ; 
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aud there was an elasticity in his stop which youngor mon 
might have envied.* 

In getting up a company for surveying and forming a 
railway, Mr. Pease hod groat difficdltics to cneountor. Thu 
people of tho neighbourhood spuke of it ss o ridiculous 
undertaking, and predicted that it would bo ruinous tu all 
concerned. Even thoso most interested in the opening of 
new markets‘for their coal, woro indifferont, if not actually 
hostile. Tho Stockton merchants and shipowners, whom it 
was caloulated so greatly to bencfit, gave the project no 
support; and not twonty shares wory subscribed for in the 
whole town. Mr. Pease novertheluss persoverod ; and he 
induced many of his friends and relations to subscribe tho 
capital required. 

Tho necessary preliminary steps wero taken in 1818 to 
apply for an act to authorise the construction of a tramroad 
from Witton to Stockton. The measure was howover, 
atrongly opposed by the Duke of (‘Ieveland, becanse the 

line passed close by one of his fox covers; and the 
Dill was rejected. A new survey was then made, avoiding 
the Duke's cover; and in 1819 @ renewed application wus 
made to Parliament. The Promoters wero this time sne- 
cessful, and the royal assent wus given to the first Stocktum 
and Darlington Railway Act on the 19th April, 1821. 

The projectors did not originally contemplate the auploy- 
tment of locomotives. The Act provided for tho making 
and maintaining of tramroads for tho passage “ of wagyonn 
and other carriages” “with ten and horses or otherwise,” 
and a further clause made provision for damages done in 
course of traffic ‘by the “wuggoners.” Tho public were to 
be free “to nse with horses, cattle and carriages,” the roads 
formed by the company, on payment of the authorised rates, 
“between the hours of seven im tho morning aud six in the 
evening,” during winter; “between six in the morning and 


ofp, MF Fonte dil at Daslington, on the 3st of July, 1858, aged mney. 


126 STEPHENSON AXD MR. PEASE. Cuar, VIL 


eight in tho evening,” in two of the spring and autumn 
months; and “between five in the morning and ten in 
the evening,” in the summer months of May, June, July, 
and August. From this it will be obvious that the pro- 
jectors of the line had themsclves at first no very large 
conceptions as to the scope of their project. 

One day, in the spring of 1821, two strangers knocked 
at tho door of Mr. Peaso's house in Darlington; and the 
message was brought to him that some persons from Kil- 
Ungworth wanted to speak with him. They were invited 
in, on which one of the visitors introduced himself as 
Nicholas Wood, viewer at Killingworth, and then turning 
to hir companion, he introduced him as George Stophenson, 
engine-wright, of the samo place. 

Mr. Pease entered into conversation with his visitors, and 
was soon told their object. Stephonson had heard of the 
passing of the Stockton and Darlington Act, and desiring to 
increase his railway experience, and also to employ in some 
larger ficld the practical knowledge he had already gained, 
he determined to visit the known projector of the under- 

wtaking, with the view of being employed to carry it out, 
He had brought with him his friend Wood, for the purpose 
at the same time of relieving his difidence, and supporting 
his application. 

Mr. Poase liked the appearance of his visitor: “there 
was,” as he afterwards remarked when spoaking of Stephen- 
son, “such an honest, sensible look about him, and he 
seemed 90 modest and unpretending. He spoke in the 
strong Northumbrian dialoct of his district, and described 
himeelf as ‘only the engine-wright at Killiggworth; that’s 
what he was.’” 

Mr. Pease soon saw that our engineer was the very man 
for his purposc. The whole plans of the railway ware still 
in an undetermined etate, and Mr. Pease was therefore glad 
to have the opportunity of profiting by Stephenson’s ex- 
perience. In the course of their conversation, the latter 
strongly recommended a raiheay in preference to a trata 
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road. They also discussed the kind of tractive power to be 
employed: Mr. Pease stating that the company had based 
their whole calculations on the employment of horar power, 
“T was ao satisfied,” said he afterwhrds, “that a honw upon 
an iron road would draw ten tona for one ton on a 
common road, that I felt suro that before long the milway 
would become the King’s highway.” But Mr. Peaw was 
scarcely prepéred for the buld assertion made b 
that the lucumotive engine with which he had been w 
the Killingworth Railway for many years past waa worth 
fifty hones, and that engines mado after a similar plan 
would yet entirely supersede all horse power upon rail- 
roads. “Stephenson was daily becoming more positive ax to 
the superiurity of his locomiutive: ant hence he strongly 
urged Mr. Pease to adopt it. “Come over to Killingworth,” 
waid he, “and see what my engines can do; scring ix be- 
lieving, sir.” Mr. Pease accordingly promincd that on sane 
carly dyy ho would go over to Killingworth, an@ take a 
look at the wonderful machine that was to supersede hordes, 

The resnlt of the interview was, that Mr. Peas promincd 
to bring Stephensun’s application for the appointuwnt of 
enginoor befure the Directors, and to support it with his 
influence; whereun tho two visitors prepared ty take their 
leave, informing Mr. Pease that they intended to return 
to Newcastle “by nip;” that is, they expected to gut a 
smuggled lift on the stage-couch, hy tipping Jchu,—fur in 
those days the stago coachmen regarded all cual roudnido 
passengers as their proper perquisites, ‘bey had, huw- 
ever, been so much engrossed by their converution, that 
the lapeo of timo was forgotten, and when Stephenwm and 
his friend made enquiries about the return coach, they 
found the last had left; and they had to walk tho 18 miles 
to Durham on their way back to Newcastle. 

Mr. Pease having made further inquiries respecting Ste- 
phenson’s character and qualifications, and having reovived 
a very strong recommendation of him es the right man for 
th intended work, he brought the subject of hie appli- 
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cation befure the directors of the Stockton and Darlington 
Company. They resolved to adopt his recommendation 
that a railway be formed instead of a tramroad; and they 
further requested Mr. Pease to write to Stephenson, desiring 
him to undertake a resurvey of the line at the earliest 
practicable period. 

Aman was despatched on a horse with the letter, and 
when he reached Killingworth ho made diligent enquiry 
after the person named upon the address, “ George Stephen- 
son, Esquire, Engineer.” No such person was known in 
the village. It ig said that the man was on the point of 
giving up all further search, when the happy thought 
atrack somo of the colliers’ wives who had gathered about 
him, that it must be “Geordie the engine-wright” the man 
was in search of; and to Geordic’s cottago he accordingly 
weuit, fuund him at home, and delivered the letter. 

About the end of September, Stephenson went carefully 
over the line of the proposed railway, for the purpose of 
suggesting such improvements and deviations as he might 
consider desirable. He was accompanied by an assistant 
and a chuinman,—his son Robert entering the figures while 
hfs father took the sights, After being engaged in the 
work ot intervals for about six weeks, Stephenson reported 
the result of his survey to the Board of Directors, and 
showed that by certain deviations, a line shorter by about 
three miles might be constructed at a considerable saving in 
expense, while at the same time more favourable gradienta 
—en important consideration—would be secured. 

Tt was, however, determined in the first place to proceed 
with the works at those parts of the line whore no deviation 
was proposed ; and the first rail of the Stéckton and Dar- 
lington Railway was laid with considerable ccremony, near 
Btockton, on the 23rd May, 1822. 

It is worthy of note that Stephenson, in making his first 
estimate of the cost of forming the railway according to the 
iustructions of the directors, set down, as part of the cost, 
62004, for stationary engines, not mentioning locomotives at 
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all. The directors as yet confinod their views to tho em- 
ployment only of horses for the haulage of the cvals, and 
of fixed ongincs and ropes where horsepower was uot 
applicable. ‘The whole question of steam locomotive power 
was, in the estimation of the public, as well as of proctical 
and scientific men, as yet in doubt. The contident antici- 
pations of George Stephenson, as to the eventual sucrens of 
locomotive engines, were regarded as mere speculations; 
and when he gave utterance to his views, ay he frequently 
took the opportunity of dving, it even had the eflect of 
shaking the confidence of some of his friends in the solidity 
of his judgment and his practical qualities ws an engineer. 

When Mr, Pease discussed the question with Stephenson, 
his remark was, “Come over and sev my engines at Killing- 
worth, and satisfy yourself as to tho efficiency of the 
Tocomotive, I will show you the colliery hooks, that you 
inay ascertain for yourself the actual cost of working. And 
I must tall you that the eonomy of the locomotive engine 
is no longer a matter of theory, but & matter uf fact.” So 
confident was the tone in which Stephenson poke of the 
Amocess of his engines, and ¢o important were the comu- 
quences involved in arriving at a correct conclusion on the 
subject, that Mr. Pease at length resolved upon paying 
visit to Killingworth in the summer of 1822, to so with 
his own vyes the wonderful new power so much vaunted 
by the engineer. 

When Mr. Pease arrived at Killingworth villagu, be 
inquired for George Stephenson, and was told that he must 
go over to the West Moor, and seek fur a cottage by the road- 
aide, with a dial over the door—“that was where Goorge 
Stephenson lived.” They soon found the houso with the 
dial; and on knocking, the door was opened by Mra. Ste- 
phenson—his second wife (Elizabeth Hindmarsh), the 
daughter of a farmer at Black Callorton, whom be had 
married in 1820." Her husband, sho said, was not in the 
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house at present, but she would send for him to the colliery. 
And in a short time Stephenson appeared before them in 
his working dress, just as he bad come out of the pit. 

He very von had his locomotive brought up to the croes- 
ing close by the end of the cottage,—made the gentlemen 
mount ii, and showed them its paces. Jlarnessing it to a 
truin of loaded waggons, he ran it along the railroad, and so 
thoroughly satisfied his visitors of its power and capabilities, 
that from that day Edward lease wasa declared supporter 
of tho locomotive engine. In preparing the Amended. 
Stocktm and Darlington Act, at Stephenson’s urgent re- 
quoxt Mr. Pease had a clanso insurted, tuking power to work 
tho railway by means of locomotive engines, and to employ 
them for the haulage of passengers as well as of merchan. 
dise.* The Act was obtained in 182:3, on which Stephenson 
was appuinted tho company’s engincor at a sulary of 3002. 
per annum; and it was determined tlat the line should 
‘bo constructed and opened for traffic as soon as practicable. . 

Mo at once proceeded, accompanied by his assistants, with 
the working survey of the line, laying out every foot of 
tho ground himscli. Railway surveying was as yet in its 
infancy, and was slow end difficult work. It afterwards 
Decame a separate branch of railway businces, end was 
entrusted 10 u spevial staff Indeed on no subsequent line 
did George Stephenson take the sights through the spirit 
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level with his own hands and cyes as ho did on this rail- 
way. He started very carly—dreseed in a Linc tailed cont, 
breeches, and top-boots—and surveyed until dusk, Ho was 
not at any time particular as to his living: and during tho 
survey, he took his chance of getting a little milk and 
Druad at some cottager’s house along the lino, or orcasivnally 
joined in a homely dinner at some neighbouring farmhouse, 
‘The country people were accustomed to give him a hearty 
weloome whon he appeared at their duor; for he was always 
fall of cheery and homely talk, and, when there were chil- 
dren about the house, he had plenty of humorous chat for 
them as well as for their seniors. 

After the day’s work was over, George would drop in at 
Mr. Peasu’s, to talk over the progress of the survey, and 
discuss various mutters connected with the railway. Mr. 
Pease's daughters were unuully present ; and on one ocea- 
sion, finding the young ladies leaning the art of embroi- 
dory, he yoluntcered ty instruct them. “1 know all about 
it,” said ho; “and you will wonder how I learnt it. 1 will 
tell you: When I was a brpkesman at Killingworth, 1 
learnt the art of embroidery while winking the pitmerts 
buttonholes by tho engino fire ut nights.” Ilo was never 
ashamed, but on the contrary rather proud, of reminding 
his friends of these humble pursuits of his carly life. Mr. 
Pease’s family wero greatly pleand with his convermtion, 
which was always amusing und instructive; full of all 
sorts of experience, gathored in the oddest and most out-of- 
the-way places. Even at that carly periud, before he mixed 
in the socicty of educated perms, thers was # dash of 
speculativeness in, his remark, which gavo a high degroo of 
originality to his conversation; and he would sometimes, 
in a cesnal remark, throw a flash of light upon a subject, 
which called up a train of pregnant suggestions. 
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One of the most important subjects éf discussion at these 
meetings with Mr. Pease, wus the establishment of a manu- 
factory at Newcastle for ihe building of locomotive engines. 
Up to this timo all the lo-m»tives constructed after Ste- 
phenson's designs, had been made by ordinary mechanica 
working among the collicrics in tho North of England. 
But he had long felt that the accuracy and style of their 
workmanship sdinitted of great improvement, and that apun 
this the moro perfect action of the locomotive engine, and 
its genoral aduption, in w great meusure depended. One 
great object that ho had in view in establishing the pro- 
posed factory was, to concentrate a number of good work- 
men for the purpose of carrying vut the improvements in 
detail which he was constantly making in hi» engine, He 
felt hamporod by the want of cflicient help from skilled 
mechanics, who could work out in a practical form the 
ideas of which his busy mind was always 60 prolific. 
Doubtlogs, too, he believed that she manufactory would 
prove a remuncratiye investment, and that, ou the general 
adoption of the railway system which he anticipated, he 
would derivo solid advantages from tho fuct of his establish- 
ment boing the only one of the kind for the special con 
struction of locomotive engines. 

Mr. Poase approved of his design, and strongly recom- 
amended him to carry it into effect. Dut there was the 
question of means; and Stephenson did not think he had 
eapital enough for the purpose. He tuld Mr. Pease that he 
could advance 1000/.—the ainount of the testimonial pre- 
sented by the coal-owners for his safety-lamp invention, 
which ho had still left untouched; but he did not think 
this sufficient for the purpose, and he thought that he 
should require at least another 10007. Mr. Pease had been. 
very much struck with the suocessful performances of the 
Killingworth engine; and being an accurate judge of cha- 
raoter, he believed that he could not go far wrong in linking 
# portion of his fortune with the energy and industry 
of George Stephenson. He consulted his friend Thomas 
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Richardson in the matter; and the two consented to ad 
vance 5002. each fur the purpose of establishing the engine 
factory at Newcastle. A piece of land was accordingly 
purchased in Forth Street, in August, 1823, on which a 
emall building was erected—the nucleus of tho gigantic 
establishment which was afterwards formed around it; and 
active operations were begun carly in 1824. 

While the Stockton and Darlington Railway works were 
in progress, our engineer had many interesting discus 
sions with Mr. Pease, on points connected with its con- 
struction and working, the determination of which in a 
great measure affected the formation and working of all 
future railways. The most important points were theae: 
1. The comparative merits of cast and wrought iron rails. 
2. The gauge of the railway, 8. Tho employment of home 
or engine power in working it, when ready for traffic. 

Tho kind of rails to be laid down to form the permanent 
Toad war a matter of considerable importince, A wooden 
tramroad had been contemplated wifen the first Act was 
applied for; but Stephenson having advised that an iron 
road should be laid down, ho’was instructed to draw ups 
specification of the rails, IIo went before the directors to 
discuss with them the kind of matcrial to be specified. He 
was himeelf interested in the patent for cast-iron rails, 
which he had taken out in conjunction with Mr. Losh in 
1816; and, of course, it was to his intorest that his articles 
should be used. But when requested to give his opinion 
on the subject, he frankly said to tho directors, “Well, 
gentlemen, to tell you the truth, althongh it would put 
500%, in my pocket to specify my own patent rails, T cannot 
do so after the ’experionce I have had. If you take my 
advicg, you will not lay down a single cast-iron rail.” 
“Why?” asked the directora, “Because they will not 
stand the weight, and you will be at no end of expense for 
repairs and relays.” “What kind of road, then,” ho wae 
aaked, “would you recommend?” “Malleable rails, cer 
tainly,” said he; “and I can recommend them with the 
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more confidence from the fact that at Killingworth we 
have had some Swedish bars laid down—nailed to wooden 
lecpers—for a period of fourteen years, the waggons passing 
over them daily; and*there they are, in use yet, whereas 
the caxt mils are constantly giving way.” 

Tho priec of malleable rails was, however, so high— 
being then worth about 122 per ton as compared with cast- 
iron mils at about 5. 10s.—and the saving uf expense was 
so importuut a consideration with tho subscriberr, that 
Stephenson was directed tu provide, in the specification, 
hat only onc-half of the rails required—or about 800 tons 
—-thould be of malleablo iron, and the remninder of cast- 
ivon. Tho malleable rails wero of the kind called “fish- 
bellied,” and weighcd 28 lbs. to the yard, being 2} inches 
broad at the top, with the upper flunge 2 inch thick. They 
were only 2 inches in depth at the points at which they 
rested on the chairs, and if inches in the middle or bellied 
part. 

When forming the road, the proper gauge had also to be 
determined, What width was this to be? The gaugo of 
the first tramroad laid down had virtually settled the point, 
‘Ihe gauge of wheels of the common vehicles of the country 
—of the carts and waggons employed on common roads, 
which wero first used on the tramroads—was about 4 feet 
8} inches. And so the first tramruads wero laid down of 
this gauge. The tools and muchinery for constructing 
coal-waggons and locomotives were furmed with this gauge 
in viow. ‘The Wylam waggon-way, afterward tho Wylam 
plate-way, the Killingworth railroad, and the Hetton rail 
road, wero ag nearly as possible on tho same gauge. Some 
of the earth-waggons used to form the Stockton and Dar- 
lington road were brought from the Hetton railway; and 
others which wero specially constructed were formed of the 
same dimensions, these being intended to be afterwards 
employed in the working of the traffic. 

As the period drew near for the opening of the line, the 
question of the tractive power to be employed was anxiously 
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discussed. At the Brasselton incline, fixed enginca must 
necessarily be made use of; but with reepect to the mode uf 
working the railway generally, it was decided that horses 
were to be largely employed. arrangements were mide 
for their purehare. The influence of Mr. Pease also secured 
that a fuir trial shonld be given to the experiment of work- 
ing the trmffic by locomotive power; and three engines 
were ordered ‘fiom the firm of Stephenwn and (o., New- 
castle, which were put in hand forthwith, in anticipation 
of the opening of the railway. ‘These were constructed 
after Mr. Stephenson's most matured desiyns, and cmbodied 
all the improvewents which he lad contrived up to that 
time. No. J. engine, the * Locomotion,” which was first 
Aclivered, weighed about cight tons. It had one large thin 
or tube through the boiler, by which the heated air pursed 
direct from the furnace at one end, lined with fire-bricks, 
to the chimncy at the other. The combustion in the fur 
nace was quickened by the aduption of tho steam-blast in 
the chimney. The heat raised was somotimes so great, and 
i4 waa 80 imperfectly abstracted by the surrounding water, 
that the chimney became dimost red-hot. Such engines, 
when put to their speed, wero found capublo of running at 
the rate of from twelve to sixteen miles an hour; but they 
were better adapted for the houvy work of hauling ¢rul- 
‘trains at low speeds—for which, indeed, they were ppecially 
coustructed—than fur running at tho higher spools aftor 
wards adopted. Nor was it contemplated by tho diroctors 
as possible, at the time when they were ordered, that loww- 
motives could be made available fur the purposes of passenger 
travelling. Besides, the Stockton and Darlington Railway 
did not ran through a district in which passengers were 
supposed to be likely to constitute any considerable portion 
of the traffic. 

‘We may easily imagine tae anxiety felt by Mr. Stephon- 
eon during the progress of the works towards completion, 
and his mingled hopes and doubts (though his doubia were 
bat few) as to the imme of this great experiment. When 
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the formation of the line near Stockton was well advanced, 
Mr. Stephens one day, accompanied by hia son Robert 
and John Dixon, made a journey of inspection of the works, 
Tho party reached Stockton, and proceoded to dine at ona 
of the inns there. After dinner, Stephenson ventured 
on the very unusual measure of ordering in a bottle of 
wine, to drink success to tho railway. John Dixon relates 
with pride the utterance of the master on: the occasion. 
“Now, lads,” said he to the two young men, “I venture 
to toll you that I think you will live to see the day when 
railways will supersede almost all other methods of convey- 
ance in this country—when mail-couches will gu by railway, 
and railroads will become the great highway for tho king 
and all his subjects. The time is coming whcn it will be 
cheapor for a working man to travel upon a railway than to 
walk on foot. I know there are great and almost ineur- 
mountable difficultics to be encountered; but what I have 
suid will come to pass as gure as you live. I only wish I 
may live to ace the day, though that J can scarcely hope for, 
as I know how slow all human progress is, and with what 
difficulty I have been able to get the locomutive thus far 
adopted, notwithstanding my more than ten yoars’ successfal 
experiment at Killingworth.” The result, however, out- 
atripped even the most sanguine anticipations of Stephenson ; 
and his son Robert, shortly aftor his return from America in 
1827, saw his father's locomotive generally employed as the 
tractive powor on railways. 

The Stockton and Darlington line waa opened for traffic 
on the 27th September, 1825. An immense concourse of 
people assembled from all parts to witness the ceremony of 
opening this first public railway. The powerful opposition 
which the project had encountered, the threats which were 
still: uttered against the company by the road-trostees and 
others, who declared that they would yet prevent the line 
being worked, and perhaps the general unbelief as to ita 
encoeas which still prevailed, tended to excite the curiosity 
of the public as to the result. Some went to rejoice at the 
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opening, some to see the “bubble burst ;” and thero were 
many prophets of evi] who would not mim the blowing up 
of the boasted travelling engine. Tho opening was, how- 
ever, auspicious. The proceedings odmmenced at Brusselton 
Incline, about nine miles above Darlington, where the fixed 
engine drew a train of loaded waggona up the incline from 
the west, and lowered them on tho east side. At the foot 
of the incline 4 locomotive was in readiness to receive them, 
Stephenson himself driving the engine. ‘The train con- 
sisted of xix waggons luaded with couls and flour; after 
these wns the pasenger-coach, filled with the directors and 
their friends, and then twenty-one wagyons fitted up with 
temporary ecats for passengers; and lastly camo six 
waggon-loads of ovals, making in all train of thirty-eight 
vehicles. The local chronicler of the day almost wont 
bexide himself in describing the extraordinary event :— 
“The signal being given,” ho says, the engine started off 
with this immense train of carriages; and such was its 
velocity, ‘that in somo parts the mpetd wus frequontly 12 
miles en hour!” By tho time it reached Stockton thero 
were about 600 persuns in tle train or banging on to the 
waggons, which must have gone at a safe aud steady paco 
of from four to six miles an hour from Durlington. “ The 
arrival at Stockton,” it is added, “oxcited a deop intorest 
aud admiration.” 

The working of the line then commonecd, and the results 
wore such as to surprise oven tho most sanguine of its pro- 
Jectors. ‘The traffic upon which thoy had formed their 
estimates of profit proved to be small in comparison with 
that which flowed in upon thom which thuy had never 
dreamt of. Thus, what the company had principally relied. 
upon for their receipts was the carriage of coals fur land 
sale at the stations along the line, whereas the haulago of 
coals to the seaports for exportation to the London market 
waa not contemplated as possible. When the bill was 
before Parliament, Mr. Lambton (afterwarde Enrl of 
Durham) succeeded in getting a clause inserted, limiting 
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the charge for the haulage of all coal to Stockton-on-Tees 
for the purpose of shipment tu 47. pet ton per mile ; whereas 
a rato of 4d. per ton was allowed to be taken for all coale 
led upon the railway for land sale. Mr. Lambton’s object 
in enforcing the low rate of 4d. was to protect his own 
trade in coal exported from Sunderland and the northern 
ports. Io believed, in common with everybody else, that 
the 4d. rate would effectually secure him against competi- 
tion on the part of the Company: for it was not considered 
possible to lead coals at that price, and the proprietors of 
tho railway themsclves considered that euch a rate would 
be utterly ruinvus. Tho projectors never contemplated 
tending more than 10,000 tons a year to Stockton, and 
those only for shipmont as ballast; they lovked for their 
profits almost exclusively to the land sale. The result, 
however, was os surprising to them as it must havo been 
to Mr. Lambton. Tho 4d. rato which was forced upon 
thom, instead of boing ruinous, proved the vital clement in 
the succcss of tho raitway. In the course of a few yours, 
the annual shipment of coal, led by the Stockton and Dar- 
ligton Railway to Stockton dnd Middlesborough, was more 
than 500,000 tons; and it has since far exceeded this 
amount. Instead of being, as anticipated, a subordinate 
branch of traffic, it proved, in fact, the muin traffic, while 
the land salo was morely subsidiary. 

‘The anticiputions of the company as to passenger traffic 
were in like manner more than realised. At first, passen- 
gera wore not thonght of; and it was only while the works 
wero in progress that the starting of a passenger coach waa 
seriously contemplated. The number of persons travelling 
between the two towns was very small; and it was not 
known whether thease would risk their persons upgn the 
iven road. It waa determined, howevor, to make trial of a 
railway coach; and Mr. Stephenson was authorised to have 
one built at Newcastle, at the cost of the company. Thie 
was done accordingly; and the first railway passenger 
carriage was built after our engineer's design. It was, how. 
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ever, & very modest, and indad a somewhat uncouth 
machino, moro resembling tho caravans still to be acer at 
country fairs containing tho “Giant and the Dwaf” and 
other wonders of the world, than a passenger-coach of any 
extant form. A row of seats ran along cach side of the 
interior, and a long deal table was fixcd in the contre; the 
access being by means of a door at the back end, in the 
manner of an omnibus. This coach arrived from Newcastle 
the day before the opening, and formed part of the railway 
procession above described. Mz. Stephensun was consulted 
as to the name of the coach, and he at once suggested “Tho 
Expeyiment ;” and by this namo it was called. The Com- 
pany’s arms were afterwards painted on her side, with tho 
motto “Periculam privatum utilitas publica.” Sach waa 
the sole passenger-carrying stock of the Stockton and Dar- 
lington Company in the year 1825. But the “ Experiment” 
proved the forerunner of a mighty traffic: and long time 
did not clapae before it was displaced, not only by improved 
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coaches (still drawn by horses). but afterwards by long 
trains of passenger-carriages drawn by locomotive engines. 

“The Experiment” was fairly started as a 
coach on the 10th October, 1825, a fortnight after the open- 
ing of the line. It was drawn by one horse, and performed 
a journcy daily each way between the two towns, accom- 
plishing the distance of twelve miles in about two hours, 
‘The fare charged was a shilling without distinction of class ; 
and cach passenger waa allowed fuurteen pounds of luggage 
fren. “Tho Experiment” was not, however, worked by 
the company, but was let to contractors who worked it 
‘under an arrangement whereby toll was paid for the use of 
the lino, rent of booking-cabins, &. 

Tho speculation answered so well, that several private 
esaching companics were shortly after got up by innkeepers 
at Darlington and Stockton, for the purpose of running 
other coaches upon the railroad ; and an active competition 
for passongor traffic sprang up. “The Experiment” being 
found too heavy fur ono horse tw draw, besides being found 
an uncomfortable machine, was banished to the oval dis- 
iet Its place was then supplicd by other and better 

icles—though they were no other than old stage-coach 
bodics purchused by the company, and cach mounted upon 
an underframe with flange-wheels. These were let on hire 
to the coaching companies, who horsed and maneged them 
under an arrangement as to tulls, in like manner as the 
“ Experiment” had been worked. Now began the distino- 
tion of inside and outside passengers, equivalent to first and 
second class, paying different fares. The competition with 
each other upon the railway, and with the ordinary stage- 
coaches upon the road, soon brought up the speed, which 
was increased to ten miles an hour—the mail-coach rate of 
travelling in those days, and considered very fast, 

Mr. Clephan, a native of the district, has described some 
of the curious features of the competition between the rival 
coach companies :—“ There were two separate coach compa- 
nies in Stockton, and amusing collisions sometimes occurred 
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between the drivers—who found on the rail a novel clement 
for contention. Coaches cannot pass cach other on the rail 
as on the ruad ; and, as the line was single, with four sidingr 
in the mile, when two coachen met,’or two traizs, or coach 
and train, tho question arose which of the drivers must gy. 
back? This was not always ettled in silence. As to 
trains, it came to be a sort of understanding that empty 
should givo way to loaded wagguns; and as to trains and 
coaches, that the passengers should have preference over 
coals; while coaches, when they met, must quarrel it out. 
At length, midway between sidingy, a post was erected, 
and a role was laid down that he who had jusned the pillar 
must go on, and the ‘coming mun’ gu buck. At the Gow 
Pool and Early Nook, it wes commen for these cowhes to 
stop; and there, as Jonathan would say, passengers and 
ooachmen ‘liquored.’ One coach, introduced by an inn- 
keeper, was a compound of two mourning-oaches, —an 
approximation to the real railway-coach, which still adheres, 
with multiplying exceptions, to the stngu-coach type. One 
Dixon, who drove the ‘Experiment’ between Darlington 
and Shildon, is the inventor of carriage-lighting on the yail. 
On a dark winter night, having compassion on his passen- 
gers, ho would buy 4 penny candle, and placo it lighted 
amongst them on the table of the ‘Experiment’—tho first 
railway-coach (which, by the way, cnded its days at Shildon 
aga railway cabin), being also the first coach on the ruil 
(first, second, and third class jammed all into one) that 
indulged ite customers with light in darkness.” 

The traffic of all sorts increased sv steadily and so rapidly 
that considerable difficulty was experienced in working it 
satisfactorily. It had been provided by the first Stockton 
and- Darlington Act that the line should he free to all 
parties who chose to use it at certain proscribed rates, and 
that any person might put horses and waggons on the rail- 
way, and carry for himself But this arrangement led to 
increasing confusion and difficulty, and could not continue 
in’the face of a large and rapidly-increasing traffic. The 
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goods trains got so long that the carriers found it necessary 
to call in the aid of the locomotive engine to help them on 
their way. Then mixed trains of pessngers end merchan- 
diso began to run; and the rosult was that tho railway 
company fuund it neocusary to take the entire charge and 
working of the traffic. In coureo of time new coaches 
wore apeially built for tho better accommodation of the 
public, until at length regular passenger-trains wero run, 
drawn by the locomotive engine,—though this was not 
until after the Liveryoo! and Manchester Company had 
established this as a distinct branch of their traffic, 

The three Stephenson locomotives were from the first 
regularly employed to work the eval tains; and their 
proved efficiency fur this purpose led to the gradual increase 
of tho locomotive power. Tho speed of the cngines—slow 
though it ecoms now—was in those day» regarded as some- 
thing marvellous, A race actually came off between No, I, 
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engme, the “Locomotion,” and one of tne stage-coachea 
travelling from Darlington to Stockton by the ordinary 
road; and it was regarded as a great triamph of mechanical 
skill that the locomotive reached Stockton first, beating the 
etage-ovach by about a hundred yards! Tho samo engine 
eontinucd in good working order in the year 1846, when it 
headed the railway procession on thy opening of tho Mid- 
Glesborough and Redcar Railway, travelling at the rate of 
about fourteen miles an hour. This engine, the first that 
travelled upon tho first public railway, has recently been 
placed upon a pedestal in front of the railway station at 
Darlington. 

For some years, however, the principal haulage of the lino 
was performed by horses. The inclination of the gradients 
being towards the eva, this wax perhaps the cheapest mode 
of traction, so long as the traffic was not very lange, Tho 
horee drew the train along the level road, until, on reaching 
@ descending gradient, down which the train ran by its own 
gravity, the animal was unhamessed, and, when loose, he 
whoeled round to the other cnd of tho waggons, 10 which a 
“dandy-cart” was attached, its bottom being only a fow 
inches from the rail, Bringing his step into unin with 
the speed of the train, the hursu learnt to leap nimbly int 
his placo in this waggon, which was usually fitted with a 
well-filled hay-rack. 

The details of the working were gradually perfected by 
experience, the projectors of the line being scarcely con- 
scious at first of the importance aud significanco of the 
work which they had taken in hand, and littlo thinking 
that they were Jaying the fuundationa of a system which 
‘was yet to revolutionise the internal communications of the 
world, and confer the greatest blessings on mankind. It is 
important to note that the commercial results of the enter- 
prise were considered satisfuctury from the opening of the 
railway. Bemdes conferring a great public benefit upon 
the inhabitants of the district and throwing open entirely 
be markets for coal, the profits derive? from the traffic 
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created by the railway yielded increasing dividends to thoee 
who had risked their capital in the undertaking, and thus 
held furth an encouragement to the projectors of railways 
generally, which was hut without an important effect in 
stimulating the projection of similar enterprises in other 
districts, These results, as displayed in the annual 
dividends, must have been eminenily cnoouraging to the 
astute commercial men of Liverpool and Manchester, who 
were then engaged in the prosecution of their railway. 
Indeod, the commercial success of the Stockton and Dar- 
Jington Company may be justly characterised as the turning- 
point of the railway system. 

Before leaving this subject, we cannot avoid alluding to 
ono of its most remarkable and direct resulte—the creation 
of the town of Middlosborough-on-Tees. When the railway 
was openod in 1825, the site of this future metropolis of 
Clevelund was occupied by one solitary farmhonso and its 
outbuildings. All round was pasturo-land or mud-banks ; 
ecarccly another houso was within sight. In 1829 nome of 
the principal proprietors of the railway joined in the purchase 
of about 500 or 600 acres of land five miles below Stock- 
tun—the sito of the modorn Middleshorough—for the pur- 
pose of thore forming e new seaport for the shipment of coals 
brought to the Tees by the railway. ‘The line was accordingly 
extended thither ; docks were excavated ; a town sprang up; 
churches, chapels, and schools were built, with a custom- 
house, mechanics’ institute, banks, shipbuilding yards, and 
iron-factories. In ten years a bury population of some 
6000 persons (since increased to about 23,000) occupied the 
site of tho original farmhouse.* More recen{ly, the discovery 


© Middlesborough doesnot furnish , shave 16,000. In 1831 Crewe wu» 
the only instance of the extracr- | little village with 295 inhabi- 
dinary inereae of population in ' tant: it now numbers upwards of 
certain localities, cocasioned by rail- ' 10,000 Rugby end Swindon have 
ways. Hartlepool, in the same quadrupled thet on in the 
neighbourhood, has in thirty years same time. The railway has been 
increased from 1830 toabove 15,000; ! the making of Southampton, and 

and Stockton-on-Tees from 7763 to edded $0,000 to ita formerly anal 
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of vast stores of ironstone in the Cleveland Fills, closely 
adjoining Middlesborough, hus tended still mere rapidly te 
augment the population and increase the cummereial im- 
portance of the place. c 

It is pleasing to relate, in connexion with ihis great 
work — the Stockton and Darlington Railway, projected by 
Edward Pease and excented by George Stephensen that 
when Mr. Steplionsen became a prosperons and a celebrated 
num, he did uot forget the friend who had taken hin by 
the hand, and helped hina on in his curly d: 
tinned to renwauber Mer. Pease with gratitude 
and that gentleman, to the close of his life. wi 
exhibit a hundsume gold watch, recei 
celebrated protye, Wearing these words; —* 
gratitnde: from George Stephenson to Edward Pease.” 













number of inbubitanta, Iu like i< new ncurly k,000, 
manner hg railway has taken been trebled in siz a 
Londen to the scuide, umd ine lis been fereated by’ the wilwny 
eral the papulatem of Brighton Blwkleath, Foust (ll, pydeau, 
from 40,000 to aearly 100,000, New Coss Wimblatan, ranks 
Thatof Folkestone his been treble umber of populous plaecs rormd 
New and populaus piburbs have Landon, may aluot Ute ys 
tprung up all round Londen. “The sprang’ into «xisten 
Qauaen of Btratford-le-Low aad extension of nulwaye to then 
West Ham wes 11,580 iu 1831; it the Inst thirty year. 
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CHAPTER ix. 


Tus Livenroon ayp Mancresten Rarwar Provectep. 


‘Tun rapid growth of the trode and manufattures of South 
Lancashire gave rise, about the year 1821, to the project of 
‘a tramroad for the conveyance of goods between Liverpool 
and Manchoster. Since the construction of the Bridge- 
water Canal by Brindley, sume fifty years before, the 
increase in the business transacted betwoen tho two towns 
had become quite marvellous The sieam-engine, the 
spinning-jenny, and the canal, working iogethor, had accu- 
mulated in one focus a vast aggregate of population, manu- 
factnres, and trade. 

Such was the expansion of business caured by jhe inven- 
tions to which we have referred, that the navigation was 
found altogether inadequate to accommodate the traffic, 
which completely outgrow all tho Canal Companies’ 
appliances of wharves, boats, and horses. Cotton lay at 
Liverpool for wecks together, waiting to be removed; and 
it occupied a longer time to transport the cargoes from 
Liverpool to Manchester thau it bad done to bring them 
scross the Atlantic from the United States to England. 
Carts and waggons were tried, but proved altogether 
insufficient. Sometimes manufacturing operations had to 
be suspended altogether, and during a frost, when the 
canals were frozen up, the communication was entirely 
stopped. The consequences were often disastrous, alike to 
operatives, merchants, and manufacturers. 

Expostulation with the Canal Companies was of no mse, 
They were overcrowded with business at their own prices, 
and disposed to be very dictatorial When the Duke first 
constructed his canal, he had to encountor the fierce oppoai- 
tion of the Irwell and Mersey Navigation, whose monopuly 
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his new line of water conveyance threatened to interfere 
with.” But the innovation of one generation often becomes the 
obstraction of the next. The Duke's agents would scarcely 
listen to the remonetrances of the Liverpool merchants ant 
Manchester manufacturers, and the Bridgewater Canal war 
accordingly, in its turn, denounced as a monopoly. 

Under these circumstances, any new mode of transit 
‘petween the twb towns which offered a reasonable prospect 
of relief was certain to receive a cordial welcome, The 
echemo of a trumroad was, however, sv new and compara: 
tively untrind, that it is not surprising that the purtien 
interested should have hesitated before committing them- 
selves to it. Mr. Sandars, a Liverpool merchant, was 
amongst the first to broach the subject. Ho had suffored 
in his business, in common with many others, from ths 
insufficiency of tho existing modes of communication, und 
was ready to give ounsidcration to any plan presenting 
elements of practical efficiency which proposed a remedy 
for the gvnerally admitted grievanto. Having caused 
inquiry to be made as to the success which lad attended 
the haulage of heavy coal-truins Ly locomotive power gn 
the nurthern railways, he was Jed to the vpinion thut th 
same moans might be equally cfiiciont in conducting the 
increasing traffic in merchandise between Liverpoul ant 
Manchester. Ho ventilated the subject amongst his 
friends, and about the beginning of 1821 a committe: 
was formed for the purpose of bringing the scheme of » 
railroad befure the public. 

The novel project having become nvised abroad, attracted 
the attention of fhe friends of railways in other quarters. 
Tramroads were by no means cow expedients fur the 
transit of heavy articles. The Croydon and Wandsworth 
Railway, laid down by William Jessop as carly as the year 
1801, bud been regularly usd for the conveyance of lime 
and stone in waggons hauled by mules or doukeys frow 
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Merstham to London. The sight of this humble railroad 
in 1813 led Sir Richard Phillips in his ‘Mornmg Walk to 
Kew’ to anticipate tho great advantages which would be 
derived by the nation ‘from the general adoption of Blen- 
kinsup's engine for the conveyance of muils and passengers 
at ten or even fiftcen miles an hour. In the same year we 
find Mr, Lovell Edgworth, who had for fifty years been 
advimating the superiority of tram or rail roads over common 
roads, writing to James Watt (7th August, 1813): “I have 
always thought that steam would become the universal 
lord, and that we should in time scorn post-horses ; an iron 
railroad would be a cheaper thing than a road upon the 
¢ommon construction.” 

‘Thomas Gray, of Nottingham, was another speculator on 
the samo subject. Thoryh he wax no mechanic nor in- 
ventor, he had an enthusiastic belief in the powers of the 
railroad syntem. Being a native of Leeds, he had, whon a 
hoy, seen Blenkinnop's locomotive at work on the Middle- 
ton oogyod railroud, and from an carly period he evems to 
have entertained almost as sanguine views on the subject 
as, Sir Richard Phillips. 1t would appeer that Gray was 
residing in Brussels in 181, when the project of a canal 
from Charleroi, for the purpose of connecting Holland with 
the mining districts of Belgium, was the subject of disens- 
sion; and, in conversation with Mr. John Cockerill and 
others, ho tuok the opportunity of advocating the superior 
advantages of a railway. He was absorbed for some time 
with tho preparation of 2 pamplilet on the subject. He 
shut himself up, secluded from his wife and relations, de- 
olining to give them any information uso his mysterious 
studies, beyond the assnranco that lis scheme “would 
revolutionize the whole face of the material world amd of 
society.” In 1820 Mr. Gray published the result of his 
studies in his ‘Observations on a General Iron Railway,’ 
in which, with great cogency, he urged the superiority of 
a locomotive railway over common roads and canals, point- 
ing out, at the same time, the advantages *0 all classes of 
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the commumty of this mode of conveyance for merchandine 
and persona. In this book Mr. Gray suggested a railway 
between Manchester and Liverpool, “ which,” he observed, 
“would employ many thousands of the distressed population 
of Lancashire.” The treatise must have met with a rady 
sale, a8 wo find that two years Inter it had posed into a 
fourth edition. In 1822 Mr. Gray added diagrams to the 
book, showing? in one, suggested lines of railway connect 
ing the principal towns of England, aud in another, the 
principal towns of Ireland, 

These speculations show that the subject of railways wan 
gradually becoming familiar to the public mind, and that 
thoughtfnl men were anticipating with confidence the 
adoption of steam-power fur the purposes of railway trac 
tion, At the same time, a still more profitable clans of 
lubourers was at work—first, men like Stephenson, who 
wore engaged in improving the locomotive and amaking it 0 
practicahje and economical working power; und nest, thors 
like Edward Peaso of Darlington, afd Joseph Swudary of 
Liverpool, who were organising the means of laying down 
the xailways, Mr. William James, of West Rromwich, 
belonged to the activo class uf projectors, Jle was aman 
of considerable social influence, of an active temperament, 
and had from an early poriud taken a warm interest in the 
formation of tramroads. Acting a4 Jund-ngent for gentlemen 
of property in the mining districts, he had laid down 
several tramroads in the neighbourhood of Birmingham, 
Gloucester, and Bristol; and he published many pamphlets 
urging thoir formation in other places. At one period of 
his life he was a,large iron-mannfacturer. The times, how- 
over, went against him. It was thought he wus tvo bold, 
some.considered him even reckless, in his speculations; and. 
he lost almost his entire fortune. He continued to fillow 
the business of a land-agent, and it was while engaged in 
making a survey for one of his clients in the neighbour- 
hood of Liverpool early in 1821, that ho first heard of the 
profect of a railway between that town and Manchester. 
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We at once called npon Mr. Sandars, and offored his services 
an surveyor of the proposed line, and his offer wea ac 
copted. 

A trial suns was then enn, Int it was conducted 
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with great difficulty, tho inhabitants of the district enter- 
taining the most violent prejudices against the «heme. In 
some places Mr. James and his surveying party even en- 
countered personal violence. ‘The farmers stationed mon at. 
the ficld-gates with pitchforka, and sometimes with guns, 
to drive them back. At St, Helen’a, one of the chaiumen 
wap laid hold of by a mob of collicrs, and thrvatened to be 
lhutled down a coal-pit, A number of men, women, and 
children, cvllected and ran after the Buy vcyors wherever 
thoy made their appearance, bawling nicknames and throw- 

ing stones at them. As ono of the chainmen was climbing 
over @ gate onc day, a labourer made at him with a pitch- 
fork, and ran it through his clothes into his back; other 
watchors running up, the chainman, who was more stunned 
than hurt, took to his heels and fled. But that mysterious- 
looking instrument—the theodolite—most excited the‘fury 
of the natives, who concentrated on the man who carried 
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it their fiercest execrations and most affinsne mek- 
names 

A powerful flow, a noted brnser, was hued by th. 
suis cyors tu carry the mstiument, with a view to its po 
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tection against all assulants, It one day an cqu ly 
powurful flow, a St Tokens colba, cock of the walk im 
his nughbourhoud, made up to the theodohte beara to 
wrest 1t frum him by shecr force A batth took plac, the 
cole: was soundly pummullcd, but the netres pound m 
volley» of stoncs upon the surveyors and than mstrum<uts, 
and the thcodolite was smashed to pirecs 

An outhne suzxcy baying, at kngth been made, notices 
wero published of an intended application to Parhann nt 
In the mean tue Mr James procecded to Killingworth te 
see bicphensuns locomotives at work Stephenson wis not 
at home at the time, but James saw Ins engincs, and was 
very much struck by then power and cfiacncy He haw 
at a glance the magnifivnt uss to which the loumotive 
might be applied. ‘ Hero,” sad he, “15 an cngine that 
will, before long, effect a complete revolution m mxcity.” 
Returnmg to Moreton-m-the-Mareh, he wrote to Mr. Loch 
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(Stephenson's partner in the patent) expressing his admira- 
tion of the Killingworth engine. “It is,” said he, “ the 
greatest wonder of the age, and the forerunner, as I firmly 
believe, of the most important changes in the internal 
communications of the kingdom.” Shortly after, Mr, 
James, accompanied by his two sons, made a second jour- 
ney to Killingworth, where he met both Loch’ and 
Stephenson. Tho visitors were at once thkon to wkore 
the lwomotive was working, and invited to mount it, 
Tho uncouth and extraordinary appearance of the machine, 
as it caine snorting along, was somewhat alarming to the 
youths, who expressed their foars lest it should burst; and 
they were with somo difficulty induced to mount. 

The engine went through its usual perfurmanoes, drag- 
ging a heavy load of coal-waggons at about six miles an 
hour, with upparont case, at which Mr. James expressed 
his cxtrome satisfaction, and declarud to Mr. Losh his 
opinion that Stephenson “ was the greatest. practical genius 
of the ge,” and that; “if he developed tho full powers ot 
that cngine (the locomotive), his fume in the world would 
rank cqual with that of Watt" Mz. Jumes informed Ste- 
phénson und Losh of hie survey of ihe proposed tramroad 
‘between Liverpool und Manchester, and did not hesitate to 
stato that ho would thenceforward advocato the construo- 
tion of a locumotive railroad instead of the tramroad which 
had originally been proposed. 

Stephenson and Losh were naturally desirous of enlisting 
James's good services on behalf of their putent locomotive, 
for aa yet it had proved comparatively unproductive. They 
bolieved that he might be able so to advocate it in in- 
finential quarterr as to ensure its moro extensive adoption, 
and with this cbject they proposed to give him an interest 
in the patent. Accurdingly they assigned him one-fourth 
of any profits which might be derived from the use of the 
patent locomotive on any railways constructed south of a 
line drawn across England from Liverpool to Hull. The 
arrangement, however, led to no beneficial resulta. Sir. 
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James endeavoured to introduce the engine on the Moreton- 
on-Mareh Tailway ; but it was opposed by the engineer of 
the line, and the attempt failed. Ie next urged that a 
locomotive should be sent for trial upon tho Metstham 
tramroud ; but, anxious though Stephenson way respecting 
its extended employment, ho was too cautions to risk an 
experiment which might only bring discredit upon the 
ongine; und the Merstham road being only laid with east- 
iron plates, which would nut bear its weight, the invitation 
wag declined. 

It turned out that tho first survey of tho Liverpool and 
Manchester lino was very imperfect, and it was determined 
tu have a second and more complete uno made in the 
lowing yeor. Robert Stephenyon was sent over by hin 
fathor to Liverpool to assist in this survey. Hu wax present 
with Mr. James on the occasion on which he tried to lay 
out tho line across Chat Mosa,—a proceeding which wry not 
only diffialt but dangerous. The Moss wan very wet at 
the time, and only its edges could bo ventured on. Mr 
James was a heavy, thick-ret man; and one diy, when 
endcavouring to obtain a stand for his theudolite, he f-lt 
him-clf suddenly sinking. He immediately throw himself 
down, and rulled over und over until he reached firm ground 
again, in a sad mess Other attempts which lie aubye- 
quently made to enter upon the Muss for the sane parpore, 
were abandoned for the same reason—tho want of a rolid 
stand fur the theodolite. 

On the 4th October, 1822, we find Mr. James writing to 
Mr. Sandars, “J camo last night to send my aid, Robert 
Steplenson, to big father, and to-morrow 1 shall puy off 
Evang and Hamilton, two other atsistenta. 1 have now 
only Messrs. Padley and Clarke to finish the copy of plaua 
for Parliament, which will be done in about a week or nine 
days’ time.” 1t would appear however, that, nutwithstand- 
ing all his exertions, Mr. Jamea was unable to complete his 
plans and estimates in time fur the ensuing Session ; and 
anvther year was thus lost. The Hailroad Committee 








154 STEPHENSON APPOINTED ENGINEER, Car. 1X, 


became impatient et the dclay. Mr. James's financial 
embarrassnents reached their climax; and, what with 
illness and dcbt, he was no lunger in a position to fulfil his 
Promines to the Committee. They were, therefore, under 

i i ‘ir uid some other engincer. 






at Killingworth, and, like all who came within reach of his 
personal influence, was charmed with hink at first sight, 
‘The enorgy which ho had displiyed in curring on the works 
of the Stockton and Darlington Railway, now approaching: 
completion ; his readiness to face difficultics, and his prac- 
fical nbility in overcoming them; the enthusiasa which 
he dinplayed on the subject of nulways and railway loco- 
inotion,—concwrred in sutisfyiug Mr. Sandars that he was, 

of all ncn, the best caloulated to help forward the Liver- 
pool undertaking at this juncture, On his return he etated 
this opinion to the Committee, who approvel his recom- 
mendation, and George Stephenkm was unanimously ap- 
pointed cugincer of the projected railway. 

It will bo observed that Mr. Sundars had held to his 
ogginal purpose with great determination and perseverance, 
and he gradually suceeeded in enlisting on his side an 
inereasing number of influential merchants and manufac 
turem both at Liverpvol and Manchester. Early in 1824 
he published a pumpblot, in which he strongly urged the 
greut losses and interruptions to the trade of the district by 
the delaya in the forwading of merchandise; and in the 
samo year be had a Public Decluration drawn up, and 
signed by upwards of 150 of the principal merchants of 
Liverpool, svtting forth that they considyred “the present 
establishments for the trangport of goods quite inadequate, 
and that a new line of conveyance has become absolutely 
necessary to conduct the increasing trade of the country 
with speed, certainty, and economy.” 

A public meeting was then held fo consider the best plan 
to be adopted, and resolutions were passed in favour of a 
railroad. A committee was appointed to take the necéhsary 
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measurea; but, as if reluctant to enter upon their ardnow 
struggle with the “vested intereats,” they first waited on 
Mr. Bradshaw, the Duke of Bridgewater's canal agent, in 
the hope of persuading him to increase the means of con. 
veyance, as well as to reduce the charges; but they were 
met by an ungnilified refusal. They suggested the expe: 
diency of a railway, and invited Mr. Bradshaw to become 
& proprietor of shares in it. Tat his reply was—* All or 
none!” ‘The canal proprietors, confident in their imagined 
security, ridiculed the proposed railway ax a chimera, Tt 
had been spoken about years before, and nuthing had como 
of it then: it would be the same now. 

In order to form a better opinion as to the practicability 
of the railroad, a deputation of gentlemen intervsted in the 
project proceeded te Killingworth, te inspect the engines 
which had been w Jong in we there. They first went to 
Darlington, where they funnd the works of the Stockton 
line in progress, thongh still unfinished. Wrocecding next 
ty Killingworth with Mr. Stepheusn; they there witnewed 
tho performances of hix locomotive engines, ‘The result of 
their visit was, on the whole; so sutinfuetury, that on their 
report being delivered to tho committer at Liverpool, it 
was finally determined to form a company of propriptors for 
the construction of a duuble line of railway between Liver- 
pool and Manchester. 

The first prospectus of the scheme was dated the 29th 
October, 1824, and had attached to it the numes of tho 
leading merchants of Liverpool and Manchester. Tt was a 
modest document, very unlike the inflated baloony which 
were rent up by, railway speculators in succevding yearn, 
Tt eet forth ag its main object the establishment of a safe 
and cheap mode of transit for merchandise, by which the 
conveyance of goods between the two towns would be 
effected in 5 or 6 hours (instead of 36 hours by the canzl), 
whilst the charges would be reduced one-third. On lovking 
at the prospectus now, it is curions to note that, while the 
advtutagea anticipated from the carriago of merchandise 
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were strongly insisted upon, the conveyance of pamengzrs 
—which proved to bo the chief source of profit—was only 
very cautiously referred to, “As a cheap and expeditious 
means of conveyance for travellers,” says the prospectus in 
conclusion, “the railway holds out the fair prospect of a 
public accomunodation, the magnitude and importance of 
which cannot be immediately ascertained.” The cstimated 
expense of forming the line was sct duwn at 400,0001,— 
a sum which was oventually found quite inadequate. 
The subscription list when opened was filled up without 
difficulty. 

While the project was still under discussion, its pro- 
moters, desirous of removing the doubts which existed as to 
the employment of steam power on the proposed railway, 
vent a second deputation to Killingworth for the purpose 
of again observing the action of Stephenson's engines. 
‘The cautious projectors of the railway were not yet quite 
satisfied ; and + third journcy was made to Killingworth, 
in January, 1825, by"severul gentlemen of the commitice, 
accompanicd by practical engincers, for the purpose of 
being personal cye-witnesses of what stcam-carriages wore 
able tv perform upon a railway. hero they sow a train, 
connisting of a locomotive and loaded waggous, weighing in 
all 54 tons, travelling at the average rate of about 7 miles 
an hour, tho greatest speed being about 4 miles an hour. 
But when tho engine was run with only one waggon at- 
tached containing twenty gentlemen, five of whom were 
engincers, the speod attained was from 10 tu 12 miles an 
honr, 

In the mean time the survey wae procepded with, in the 
face of great opposition from the proprictors of the lands 
through which tho railway was intended to pass.. The 
prejudices of the firming and labouring classes were 
strongly excited ageinst the persons employed upon the 
ground, and it was with the groatest difficulty thnt the 
Jevels.could be taken. At one place, Stephenson was driven 
off the ground by the keepers, and threatened to be ducked 
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in the pond if found there again. The farmers also turned 
aut their men tu watch the surveying party, aud prevent 
them entering upon any lands here they hud the power 
of driving them off. 

One of the proprietors declared that he would onler his 
gamo-keepers to slivet or apprehend any persons attcmpling 
a survey over hig property. But one mounlight night a 
survey was cbtained by the following ruse. Some men, 
under the orders of che surveying party, were eet to fire off 
guns in a particnlar quarter; on wl It the gamckeepens 
on the wateh made off in that direction, and they were 
drawn awuy to such a distance in pursuit of the supposed 
poachers, us to enable a rapid survey to be made during 
their abyence. 

When the canal companies found that the Liverpool 
merchants were determined tu proceed with their schome— 
that they had completed their survey, and were ready te 
apply to Parliament for an Act to enuble thom to form tho 
railway—thoy at last reluctantly, aid with a bul pre, 
made overtures of cunciliution. ‘They prominsl to employ 
stoam-vessels both on the Meney and on the Canal. Qne 
of the companies offered tu reduce its length by three miles, 
at a considerable vutlay. At the same timo they wade a 
show of lowering their rates. But it was tov Jate; for the 
prujcet of the railway had now gone so fur that the pro- 
mutens (who might have been cunciliated by such overtures 
at an corlier period) fult they were fully committed to it, 
and that now they could not well draw back. Besides, the 
remedies offered by tho canzl companies could only have 
had the effect of staving off the difficulty for a brief seasun, 
—the absolute necessity of forming a new line uf communi- 
cation between Liverpool and Manchester bocoming more 
argent from year to year. Arrangements were therefore 
made for proceeding with tho bill in the porlianmentury 
seasion of 1825. 

On this becoming known, the canal companics prepared 
to r¥aist the measure tooth and nai The public were 
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appealed to on the subject; pamphlets were written and 

pers were hired to revile the railway. Jt was de- 
clared that its formation would prevent cows grazing and 
hens laying. The poisoned air from the locomotives would 
kill birds as they flew over thein, and render the preserva- 
tion of pheasants and foxes nv longer possible. House 
holders adjoining the projected line were told that their 
hhonses would be burnt up by the fire thrown from the 
engine-chimneys ; whilo the air aronnd would bo polluted 
by clouds of smoke. There would no longer be any use for 
horses ; and if railways extended, the species would become 
extingnighcd, and oats and hay be rendered unsaleable com- 
modities, ‘Travelling by rail wonld be highly dangerous, 
und country inns would be rnincd. Boilers would burst 
and blow passengers to atoms, But there was always this 
consolation to wind up with—that the weight of the 
locomotive would completely prevent its moving, and that 
milways, even, f made, could never be worked by steam- 


read, when Mr, Stephenson, at the interviews with 
counsel, held previous to the Liverpool and Manchester bill 
guing into Committce of the House of Commons, confidently 
stated his expectation of being able to impel hig locomotive 
at the rato of 20 miles an hour, Mr. William Brougham, 
who waa retaincd by the promoters to conduct their case, 
frankly tuld him that if he did not moderate his views, and 
bring his engine within a reasonable speed, he would “in 
evitably damn the wholo thing, and be himself regarded as 
a maniac fit only for Bedlam.” 

The idea thrown out by Stephenson, of travelling at a 
rate of speod double that of the fastest mail-coach, appeared 
at tho time so preposterous that he was unable to find any 
engineer who would risk his reputation in supporting such 
“absurd views.” Speaking of his isolation at the time, he 
subsequently obecrved, at a public meeting of railway men 
in Manchester: “He remembered the time when he had 
very few supporters in bringing out the railway system— 
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when he sought England over for an engincer to support. 
him in hia evidence before Parliament, and could find only 
one man, James Walker, but was efraid to call that gentle- 
man, because ho knew nothing abozt railways, He had 
then no one to tell his tale to but Mr. Sandary, cf Liver- 
pool, who did listen to him, and kept his spirita wp; and 
his echemes bad at length been carried out only by dint of 
sheer perseverance.” 

George Stephenson's idea was at that timo regarded aa 
but the dream of a chimerical projector. It stuod before: 
the public friendless, struggling hard to gain n fuoting, 
scarcely daring tu lift iteclf into notice for fiur uf ridicule. 
Tho civil enginecrs generally rejected the potion of a Low. 
motive Hailway; and when no leading man of the day 
could be found to stand furward in support of the Killing- 
worth mechanic, its chances of succens must indeed have 
‘been pronounced but small. 

When such was tho hostility of the civ], engineers, no 
wonder the reviewers wero puzzled. The ‘Quarterly,’ in 
an able article in support of the projected Liverpool und 
Manchester Railway,—whilo admitting its absulute neccesity, 
and insisting that thero was no choice Irft but a railroad, 
on which the journey between Liverpool und Manchester, 
whether porfuriaed by horses or engines, would always be 
accumplished “within the day,”—novertheluss sovuted the 
idea of travelling at a greater spord than cight or nine 
miles an hour. Adverting to a project for forming a ruil- 
way to Woolwich, by which passengors were to be drawn 
by locomotive engines, moving with twice the velocity of 
ordinary coaches, the reviewer observed :-— What can be 
more palpably absurd and ridiculous than tho prospe:t 
held out of locomotives travellirg twice as fast ws stagr- 
coaches! We would as soon expect the people of Woolwich 
to suffer themselves to be fired off upon une of Congreve’ 
ricochet rockets, as trust themeelves tu the mercy of such & 
wmiachine going at such a rate. We will back old Father 
Thames against the Woolwich Reilway for any sum. We 
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trust, thet Parliament will, in all railways it may sanction, 
limit the speed to eight or nine miles an hour, which wa 
entircly agroe with Mr. Sylvester is as great as can be ven- 
tured on with safety.” 

At length the survey was completed, the ptans were 
deposited, the requisite mrclimimary arrangements were 
made, and tho promoters of the scheme applica to Parlia- 
ment for the neceasary powers to constrict the railway 
The Bill went into Committe of the Commons on the 23st 
of March, 1825. ‘There was au extraordinary array of 
legul tulunt on the occasion, but expecially on the side of the 
opponents to the measure; their counsel inclnding Mr. 
(afterwards Baron) Alderson, Mr. (afterwards Buron) Parke, 
Mr, Iarrison, and Mr. Ele. The counsel for the bill were 
Mr, Adam, Mr. Serjeant Spankie, Mr. William Brougham, 
and Mr. Joy. 

Evidence was taken at great length ap to the difficulties 
and delays ix forwarding yaw material of all kinds from 
Liverpool to Muncliester, us alav in the conveyance of 
munufictured goods from Manchester to Liverpool The 
evidence addnerd in support of the Dill on thes grounds 
was overwhchuing. he utter inwlequacy of the existing 
modes of conveyance to carry on satisfictorily the large 
and rapidly-growing trade between the two towns was 
fully proved. Lut then came the gist of the promoter’s 
van0—the evidence to prove the practicability of a railroad 
tw be worked by locomotive power. Mr. Adam, in hie 
opening speech, referred to the cases of the Hutton and the 
Killingworth railroads, where heavy goods were safely and 
econonically transported by mcans of Iycomotive engines. 
“ None of tho tremendous consequences.” he observed, “ have 
ensued from the use of steam in land carriage that have 
boon stated. The horses have not started, nor the cows 
ceased to give their milk, nor have ladies miscarried at the 
sight of these things guing forward at therate of fuur miles 
and a half an hour.” Notwithstanding the petition of 
two ladies alleging the great danger to be apprepended 
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from the bursting of the locomotive boilers, he urged the 
safety of the high-pressure engine when the boilers were 
constructed of wrought-iron; and az to the rate at which 
they cunld travel, he expressed his full conviction that such 
engines “ could supply force to drive a carriage at the 1ate 
of five or six miles an hour.” 

The taking of the evidenco as to the impediments thrown 
in the way of trade and commerce by the cxisting system 
extended over a month, and it was tho 21st of April before 
the Cummittes went iuto the engineering evidence, which 
was the vital part of the question, 

On tho 23th George Stephensm was called into the 
witness-box. It was his first appearance before a Conmitteo 
of tho Hows of Commons, and Le well knew what be had 
to expect. He was aware that the whole force of the oppo- 
sition was to be directed against him ; and if they could break 
down his evidence, the canal monopoly might yot be upheld 
foratime. Many years afterwards, when hejing back at his 
position on this trying occasion, ho said :—“ When [ went 
to Liverpool tu plan a line from thence to Manchester, 1 
Pledged myeclf to the directors tu attain a need of 10 rajles 
an hour, 1 said 1 had no doubt the locmnotive might be 
made to go much faster, but that wo hud better be moderate 
at the beginning. The directors suid I was quite right; for 
that if, when they went to Parliament, I talked of going at 
a greater rate than 10 miles an hour, I should put « cross 
upun the concern. It was not an casy task for me to keep 
the engine down to 10 miles an hour, but it must be dong, 
and I did my best. I had to place myself in that most 
unpleasant of al] positions—the witness-box of a Parlia- 
mentary Committee. I wus not long in it, befure I began 
to wish for a hole to creep out at! I could not find words 
to eatiafy either the Committee or myself. I was subjected 
tothe cross-examination of eight or ten barristers, purposely, 
as far as possible, to bewilder me. Some member of the 
Committee asked if I was a foreigner, and another hinted 
that~J was mad. But I put up with every rebuff, and 
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went on with my plans, determined not to be put 
down.” 

Mr. Stephenson stood befire the Committce to prove 
what the public opinion of that day held to be impossible, 
The self-taught mechanic had to demonstrate the practi- 
cability uf accomplishing that which the most distinguished 
engineers of the time regurded es impracticable. Clear 
though the snbject was to himself, and familiar as he waa 
with the powers of tho locomotive, it was no easy tusk for 
him to bring home his convictions, ur even to convey his 
meaning, to the less informed minds of his hearers. In his 
strong Northumbrien dialect, he struggled for utterance, in 
tho face of the suecra, interruptions, and ridicule of the 
opponents of the measure, and even of the Committee, some 
of whom shovk their heads and whispered doubts as to his 
sanity, when he energetically uvowed that ho could make 
the locomotive go at the rate of 12 miles an hour! It was 
av grossly in thy teeth of all tho exporience of honourable 
members, that the man “ must certainly bo lubouring under 
a delusion!” 

Aud yet bis lerge experionéo of railways aud locomotives, 
ae “described by himself to the Committee, entitled this 
“untaught, inurtivulate genius,” as he bas s0 well been 
styled, to speak with confidence on such a subject. Begin- 
ning with his experience as a brakesman at Killingworth 
in 1603, Le went on to stato that he was appointed to take 
the entira charge of the steam-engincs in 181%, and had 
superintended the railroads connected with the numerous 
collieries of the Grand Allies from thut time downwards, 
He had laid down or superintonded thy railways at Bur 
radon, Mount Mour, Springwell, Bedlington, Hetton, and 
Darlington, besides improving those at Killingworth, South 
Moor, and Derwent Crovk. He had constructed fifty-five 
steam-engines, of which sixteen were locomotives. Some 
of theae had been sent to France. Tho engines constructed 
by bim for the working of the Killingworth Railruad, 
eleven years before, had continued steadily at work,sver 
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gince, and fulfilled his most sanguine expectations, Tle 
‘was preparod tu prove the safety of working high-pressure 
locomotives un a railruad, and the superiority of this mode 
of transporting gous over all uthens As to speed, he said 
be had recommended 8 miles an hour with 20 tons, and + 
miles an hour with 40 tons; but he was quite confident 
that much more might be done. Indeed, he had no duubt 
they might gueat the rate of 12 miles. As tu the charge 
that lovomotives on a railroad would se terrify the horws 
m the neighbourhood, that to travel on horschwk or te 
plough the adjuining fields would be rendered highly dan- 
gerous, the witness said that Lorses learnt to tuke no notice 
of them, though there were homes that would shy at a 
wheelbarrow. A mail-coach was likely to he nore shied at 
by horses than a locomotive. In the neighbourhood of 
Killingworth, tho cattle in the fiekla went on grazing while 
the engines pxused them, and the farmers mado no complaints. 

Mr. Alderson, who had carefully studicdethe subject, and 
was well killed in practical science, subjected the witness 
to a protracted and severe cross-cxaminution as to the apecd 
and power of the locomotive, ‘the stroke of the piston, tho 
slipping of the wheels upon the nals, and various other 
points of detail. Mr. Stephenson insisted that uo slipping 
took place, as uttempted ty be extorted from him by the 
counseL He said, “[t is impossible for slipping to take 
place suv long as the adhesive woight of tho whrel upon the 
rail is greator than tho weight tu be dmgged after it.” Aw 
tw accidents, Stephenson suid he kuew of none that had 
occurred with his engines. There had been one, ho was 
tuld, at the Middleton Colliery, near Leeds, with o Blen- 
kinsup cngine. Tho driver had ben in liquor, and put a 
considgrable load on the safvty-valve, so that upon going 
forward tho engine blew up and tho man was killed. But 
he added, if proper precautions had been used with that 
boiler, the ace“lent could not have happened. The folluw- 
ing cross-examination ocourred in reference to the question 
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“Of course,” ho was asked, “when a body is moving 
upon a road, the greater the velocity the greater the mo- 
montum that ia goncrated?” “Certainly.”—“ What would 
bo the momentum of 49 tuns moving at the rate of 12 milee 
an hour?” “Jt would be very great.”--" lave you seen & 
railroud that would stand that?” “Yes.”"—* Where?” 
“ Any railroad that would bear going 4 miles an hour: I 
incan to say, thut if it would bear the weight at 4 miles 
an hour, it would bear it at 12."—“ Taking it at 4 miles an 
honr, do you mean tu say that it would not require a 
atrongor railway to carry tho sume weight 12 miles an 
hour?” “J will give an answer to that. 1 dure say every 
perwon has bern over ice when skating, or seen persons go 
over, and they know that it would bear then better at a 
greater volocity than it would if they went slower; when 
they go quick, the weight in a measuro ceases.”—* Is not 
that upon the hypothesis that the railroad is perfect?” “It 
ie; and 1 moan) make it perfuct.” 

It is not necessary <o stato that to have passed the ordeal 
of go sovero a cross-oxamination ecatheless, needed no small 
amount of courage, intelligence, and ready shrewdness on 
the part of the witness. Nicholas Wood, who was present 
on the occasion, has since stuted that the point on which 
Stophenson was hardest prevsed was that of speed. “I 
believe,” he sys, “that it would have lust the Company 
their bill if he had gone beyond 8 or 9 miles an hour. If 
he had stated his intention of going 12 or 15 miles an hour, 
nota single person would have believed it to be practi- 
cable.” 

The Committce also seem to have entertained considerable 
alarm as to the high rate of speed which had been spoken 
of, and proceeded to examine the witness further on the 
eubject. Thoy suppoecd the case of the engine being upeet 
when going at 9 miles an hour, and asked what, in such & 
case, would become of the cargo astern. To which the 
witness replied that it would not be upset. One of the 
members of the Committee pressed the witness a -little 
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farther. He put the following case:—“ Suppose, now, ore 
of these engines to be going along a railroad at the rate of 
9 or 10 miles an bour, and that a cow were to stray upon 
the line and get in the way of the engine; would not that, 
think you, bo a very awkward circumstance?” “Yes,” 
replied the witness, with a twinkle in his eye, “very awk- 
ward—for the coof” The honourable member did not 
proceed furthur with his cross-cxamination; to use a rail- 
way phrase, ho was “ehunted.” Another asked if animals 
would not be very much frightened by the cngino passing 
them, expecially by the glare of the red-hot chimney? 
“Hut how would they know that it wasn't painted?” said 
the witness. 

On the following day, the enginver was subjected toa 
‘very severe examination. On that part of the acheme with 
which he was most practically conversant, his evidenco was 
clear and conclusive. Now, he had to give evidence on the 
plans madv by his surveyors, and the estimates which had 
deen founded on such plans. So Jong os ho was confined 
to locomutive engines and iron railroads, with the minutest. 
details of which he was more familiar than any man living, 
he felt at home, and.in his element. Hut when the designs 
of bridges and the cont of constructing themn had to be gone 
into, the subject being in a great measure now to him, hia 
evidence was much less satisfactory. 

Mr. Alderson cross-examined him at great Jength on the 
plans of the bridges, the tunnels, the crossings of tho roads 
and streeta, and the details of the survey, which, it suun 
clearly appeared, were in some respects seriously at fault. 
It scems that, affer the plans had been deposited, Stephen- 
son found that a much more favourable line might be made ; 
and he made his estimates accordingly, supposing that Par- 
liament would not confine the Company to the precvive plan 
which had been deposited. This was felt to be a serioun 
blut in the parliamentary cese, and one very difficult to be 
got over. 

Wey three entire days was our =ngineer subjected to 
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this crces-examination. He held his ground bravely, and 
defended the plans and estimates with remarkable ability 
and skill; but it was clear they were imperfect, and the 
result wns on ihe whole damaging to the measure, 

The case of the opponents was next gono into, in the 
course of which the counsel indniged in strong vituperation 
againnt the witnesses for the bill. One of them spoke of 
the utter impowsiblity of making a railway tpon so treach- 
crous @ material as (hat Moss, which was declared to be an 
immense mass of pulp, and nothing else. “It actually,” 
said Mr. Harrigon, “rises in height, from the rain swelling 
it like a sponge, and sinks again in dry weather; and ifa 
boring instrument is put into it, it sinks immediately by 
its own weight. The making of an embankment ont of 
this pulpy, wet moss, is no very cary task. Who but Mr. 
Stophenson would have thought of entering into (‘hat Moss, 
carrying it out almost like wet dung? It is ignorance 
almost inconceiyble. It is perfect madness, in a person 
called upon to speak én a scientific subject, to propose euch 
aplan. ..... Every part of this schemo shows that this 
may has applica himeclf to a subject of which he has no 
knowledgo, and to which he has no science to apply.” Then 
adverting to the proposal to woik the intended line by 
means of locomotives, the learned gentleman proceeded: 
“When wo ect out with the original prospectus, we were 
to gallop, I know not at what rate; I believe it was at the 
rate of 12 miles an hour. My {earned friend, Mr. Adam, 
contemplated—poasibly alluding to Ireland—thst some of 
the Irish members would arrive in the waggona to a divi- 
sion. My learned friend says that they would go at the 
rate of 12 miles an hour with the aid of the devil in tho 
form of a locomotivo, sitting as postilion on the fore horae, 
and an honourable member sitting behind him to stir up 
the fire, and keep it at full epeod. But the speed at which 
these locomotive engines are to go has slackened : Mr. Adam 
does not go faster now than 5 miles an hour. The learned 
serjeant (Spankie) ssys he should like to have 7, bot he 
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would be content to go6. I will show he cennot go 6; 
and probably, fr any practical purposes, I may be able to 
show that I can keep up with himby the canal... . . Ico 
motive engines are liable to be operated upon by the wea- 
ther. Yuu are told they are affected by rain, and an uttempt 
has been made to cover them: but tho wind will affect 
them; and any galo of wind which would affect the trafic 
on the Mereey:would render it impossible to act off n locu- 
motive engine, cither by poking of tho fire, or keeping ap 
the pressure of the steam till the boiler was ready to burst.” 
How amnsing it now is to read these extraordinary views 
as to the formation of a railway over Chat Moss, and the 
impossibility of starting a locomotive engine in the fuco of 
a gale of wind! 

Evidence was callod to show that tho hunse property 
passed by the proposed railway would be greatly deterio- 
Tated—in some places almost destroyed ; that the locomo- 
tive engines would be terrible nuisances,in consequence of 
the fire bnd smoke vomited forth by thom; and that the 
value of land in the neighbourhood of Manchoster ulone 
would be deteriorated by no“less than 20,0001! Evidence 
was also given at great length showing the utter impos- 
sibility of forming » road of any kind upon Chat Moss A 
Manchester builder, who was examined, could not imagine 
the feat possible, unless by arching it across in the manner 
of a viaduct from one side to the other. It way the old 
story of “nothing like leather.” But the opposition mainly 
relied upon the evidence of the leading engineere—not, 
like Stephenson, self-taught men, but regular profes- 
sionals, Ono of, these, Mr. Francis Giles, C.E., had been 
twenty-two years an engineer, and could speak with some 
authority. His testimony was mainly directed to tho utter 
impossibility of forming a railway over Chat Moss. “No 
engineer m his senses ,” said he, “would go through Chat 
Moss if he wanted to make a railroad from Liverpool to 
Manchester. ...... In my judgment a railroad certainly 
caning be safely mada over Chat Moss without going to the bottom 
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of the Moss. The soil ought all to be taken out, undoubt- 
edly; in doing whivh, it will not be practicable to approach 
each end of the cutting, as you make it, with the carriages. 
No carriages would stand upon the Moss short of the 
bottom. My estimate for the whole cutting and embank- 
ment over Chat Moss is 270,0002. nearly, at those quantities 
and those prices which are decidedly correct. .......- 
It will be necessary to take this Moss completely out at the 
bottom, in order to make « solid road.” 

When tho engineers had given their evidence, Mr. 
Alderson summed up in a speech which extended over two 
days. le declared Mr. Stephenson’s plan to be “ the most 
absurd scheme that ever entered into the head of man to 
conceive. My learned friends,” said he, “almost endea- 
voured to stop my examination; they wished me to put in 
tho plan, but Ihad rather have the exhibition of Mr. Ste- 
phenson in that box. 1 say he never had a plan—I believe 
ho never had op»—TI do not beliove he is capable of making 
ono. His is a mind perpetually fluctuating between oppo- 
site difficulties: he neither knows whether he is to make 
bridges over roads or rivers, of one size or of another; or 
to mako embankments, or cuttings, or inclined planes, or in 
what way the thing is to be carried into effect. Whenever 
a difficulty is pressed, as in the case of a tunnel, he gets out 
of it at one end, and when you try to catch him at that, he 
gete out at the other.” Mr. Alderson proceoded to declaim 
against the gross ignorance of this so-called engineer, who 
proposed to make “impossible ditches by the side of an 
impossible railway” upon Chet Moss; “I care not,” he 
said, “ whether Mr. Giles is right or wrong in his estimate, 
for whether it be effected by means of piers raised up all 
the way for four miles through Chat Moss, whether they 
axe to support it on beams of wood or by erecting masunry, 
vr whether Mr. Giles shall put a solid bank of earth 
through it,—in all these schemes there is not one found 
like that of Mr. Stephenson's, namely, to cut impossible 
drains on the eide of thie road; and it is sufficient Pr me 
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to suggest and to chow, that this echeme of Mr. Stephenson's 
is impossible or impracticable, and that no other scheme, if 
they proceed upon this line, can be suggested which will 
not produce enormous expense. I. think that has been 
irrefragably made out, Every one knows Chat Moss—every 
one knows that the irun sinks immediately on its being 
put upon the surface. I have heard of culverts, which 
have been put upon the Moss, which, after having been 
surveyed the day before, have the next morning disap- 
peared ; and that a house (a port's house, who may be 
supposed in the habit of building castles even in the 
air), story after story, as fast as onv is added, tho lower one 
sinks! There is nothing, it appoars, except long sedgy 
grasa, and a littlo soil to prevent its sinking into the shades 
of eternal night. I have now donv, sir, with Chat Moss, 
and there I leave this railroad.” 

Tho case of the principal petitioncrs against the bill 
occupied many moro days, and on it: conclusion the 
committee proceeded to divide on *tho preamble, which 
was carried by a majority ority gf only one—37 voting for it, 
and 36 agninst it. uses Were next considered, 
and on a division tho ng clause, empowering the Company 
to make the railway, was lost by a majority of 19 to 13, In 
like manner, the next clause, empowering the Company to 
take land, was lost; on which tho hill was withdrawn, 

Thus ended this memorable contest, which had extended 
aver two months—carried on throughout with great perti- 
nacity and skill, especially on tho part of the opposition, 
who left no stone unturned to defeat the measure. ‘The 
want of a third line of communication between Liverpuol 
and Manchester had been clearly proved; but the engineer- 
ing eyidence in support of the proposod railway having 
‘been thrown almost entirely upon Stephenson, who fouglit 
this, the most important part of the battle, singlehanded, 
was not brought out so clearly as it would have been, had 
he secured more efficient engineering assistanco—which he 
was%ot able to do, as the principal engineers of that day 
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‘were agninst the lovomctive railway. The obstacles 
thrown in the way of the survey by ihe landowners and 
canal companica, by which the plans were rendered exceed- 
ingly imperfect, also tended in a great measure to defeat 
tke bill. 

Tho rejection of the bill was probably the most revere 
trial George Stephenson underwent in the whole course of 
his life. ‘Ihe circumstances connected with the defeat of 
the mcasure, the errors in the levels, his rigid cross- 
examination, followed by the fact of his being superseded 
by another engineer, all told fearfully upon him, and for 
some time he was as much weighed down as if a personal 
calamity of the most serious kind had befulen him. 

Stephenson had been so terribly abuecd by the leading 
counsel fur the opposition in the course uf the proceedings 
befure the Committee—stigmatised by them as an ignoramus, 
a fool, and a maniao—that even his friends poem for a 
time to have gv faith in him and in the locomotive sys- 
tem, whose officionoy he nevertheless continned to uphold. 
‘Things never looked blacker fur tho success of tho railway 
aystem than at the closo of this great parliamentary 
struggle. And yet it was on the veryreve of its triumph. 

The Conunittee of Directors appointed to watch the 
measure in Parliament were so determined to press on the 
project of a railway, even though it should have to be 
worked morcly by horse-power, that the bill had scarcely 
‘been thrown out cre they met in London to consider their 
next step. They callod their parliamentary friends together 
‘to consult as to future proceedings ; and the result was that 
they went back to Liverpool determined to renew their 
application to Parliament in the ensuing session, 

1 was not considered desirable to employ Mr. Stephenson 
in making the new survey. He had not as yet established 
his reputation as an engineer beyond the boundaries of his 
own district; and the promoters of the bill had doubtless 
felt the disadvantages of this in the course of their parlia- 
mentary struggle. Thoy therefore resolved now to eptploy 
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engineers of the highest established reputation, as well as 
the best surveyors that could be obtained. In accordance 
with these views they enguged Messra George and Juhn 
Reunie to be the engineers of the railway; and Mr. 
Charlea Vignolles was appointed to prepare the plans and 
section ‘I'he line which waa eventually adopted differed 
somewhat from that surveyed by Mr. Stephenson. The 
principal parks and game-preserves of the divtrict were 
carefully avoided. The promoters thus hoped to get rid of 
the opposition of the most influential of the resident land- 
owners. ‘The crossing of certain of the streets of Liverpool 
was also avoided, aud the entrance contrived by meana of a 
tunnel and an inclined plane. The new lino stopped short 
of the river Irwell at the Manchester end, by which the 
objections grounded on an illegal interruption to the canal 
or river traffic were in some measure removed, ‘The oppo- 
sition of the Duke of Bridgewater's trustees was also gut rid 
of, and tho Marquis of Stafford became a gubscribor fur a 
thousand shares, With reference to tho use of the locomo- 
tive engine, the promoters, remembering with what effect 
the objections to it had been trged by the opponents of the 
Dill, intimated, in their second prospectus, that “nu o gua- 
rantee of their good faith towards the public they will not re- 
quire any clause empowering them to usv it: or they will sub- 
mit to such restrictions in the employment of it as Parliament 
may impose.” 

The survey of the new line having been complcted, the 
plane were deposited, the standing orders duly mplicd 
with, and the bill went before Parliament. The same 
sounsel appeared for the promoters, but the examination of 
witnesses was not’ neatly so protracted as on the previous 
oocasion. The preamble was declared proved by 4 majority 
of 43 to 18. On the third reading in the Honse of Com- 
mons, an animated, and what now appeara @ very amusing 
discussion took place. The Hon. kdward Stanley moved 
that the bill be read that day six months; and in his specch 
be angertook to prove that the railway trains would take 


172 PASSING OF THE BILL. Cuap. IX. 


ten houra on the journcy, and that they could only be worked 
by horses. Sir Isuac (Coffin seounded the motion, and in 
doing s¢ denounced the project a8 a most flagrant imposi- 
tion. IIe would nut cunseut to ece widows’ premises 
invaded; and “What, he would like to know, was to be 
done with all those who lad advanced money in making 
and repairing turnpike-rouds? What was to become of 
coach-makers and harness-makera, coach-masters and coach- 
men, inu-kcopers, horse-breeders, and horse-dealers? Was 
the house aware of the smoke and the noisc, the hiss and 
the whirl, which locomotive engincs, passing at the rate of 
10 or 12 miles an hour, would occasion? Neithor the cattle 
ploughing in the ficlds or grazing in the meadows could be- 
hold them without dismay. Iron would be 1aised in price 
100 per cent, or moro probably cahaustcd altogether! It 
would be the greatest nuisance, the most completo distarb- 
ance of quiet and comfort in all parts of the kingdom, that 
the ingenuity of.aan ovuld invent!” 

Mr. Huskisson and'other speaker, though unable to reply 
to such arguments as these, strongly supported the bill: and 
it was carried on the third reading by a majority of 88 to 
41, Tho bill passed the Ionse of ‘Lords almost unani- 
moualy, its only opponents being the Eur] of Derby and 
his relative tho Earl of Wilton. 
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CHAPTER X 


Caat Moss —Coxsraverion or THe Rarnwar. 


Tue appointment of principal engineer to the railway was 
taken into consideration at the first mecting of the directors 
held at Liverpool subsequent to tho pussing of the Act. The 
magnitude of the proposed works, and the vast consequences 
involved in their experiment, were deeply impressed upon 
their minds; and they resolved to scoure the services of a 
resident engincer of proved experience and ability. Their 
attention was naturally directed to Mr. Stephenson ; at the 
same time they desired to have tho bencfit of tho Mesara, 
Rennie’s | profussional assistance in su ‘rintending the 
works. . George Rennie had au interview with the 
Board on the subject, at which he proposed to undertake 
the chief superintendence, making six visits in cach year, 
and stipulating that ho should have the appointment of the 
resident engineer. But the responsibility attaching to the 
direction in the matter of the efficient carrying on of the 
works, would not admit of their being influonwd by 
ordinary punctilios on the occasion ; aud they accordingly 
declined this proposal, and prococded tv appuint Mr. 
Stephenson their principal engineer at a salary of 1000L 
per annum. 

He at once removed his residence to Liverpool, and made 
arrangements to commence the works. He began with the 
“impossible thing”—to do that which the most distin- 
guished engineers of the day had declared that “no man in 
his senses would undertake to do”—namely, to make the 
road over Chit Moss! It was indeed a most formidable 
undertaking ; and the project of carrying a railway along, 
und@, or over such a maverial as that of which it consisted, 
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would certainly never have occurred ty an ordinary mind. 
Michael Drayton supposed tho Moss to have had its origin 
at the Deluge. Nothing more impassable could have been 
imagined than that dreary waste ; and Mr. Giles only spoke 
the populur fucling of the day when he declared that no 
carriage could stand on it “short of the bottom.” In this 
‘bog, singular to say, Mr. Roscoe, the accomplished historian 
of tho Medicis, buried his fortune in the hupeless attempt 
to cultivate a portion of it which he had bought. 

Chat Moss is an immense peat bog of about twelve square 
miles in extent. Unlike the bogs or swamps of Cambridge 
and Lincolnshire, which consist principally of soft mud or 
silt, this bog is a vast mass of spongy vegetable pulp, the 
result of the growth and decay of ages. Tho spagni, or 
‘bog-mosses, cover the entire arca; one year's growth rising 
over another,—the older growths not entirely decaying, but 
remaining partially preserved by the antiseptic properties 
peculiar to peat. Hence the remarkable fact that, although 
a somifluid mass, the surface of Chat Moss rises above the 
level of the surrounding country. Liko a turtle's back, it 
declince from the summit in every diroction, having from 
thirty to forty feet gradual slopo to the solid land on all 
sidex. From the remains of trees, chicfly alder and birch, 
which have been dug out of it, and which must have pro- 
viously flourished upon the sunfaco of sil now docply sub- 
mergcd, it is probable that the sand and clay base on which 
tho bog rests is saucer-shaped, and so retuins the entire maxe 
in position, In rainy weather, such is its capacity for 
water that it sensibly swells, and rises in those parts where 
the moss is the deepest. ‘This ocours thryugh the capillary 
attraction of the fibres of the submerged moss, which is 
from 20 to 80 feet in depth, whilst the growing planta 
effectually check evaporation from the surface. This pecu- 
liar character of the Moss has presented an insuperable 
difficulty in the way of reclaiming it by any system of ex- 
tensive drainage—cuch as by sinking shafts, and pumping 
up the water by steam powar, as has been proposed. Sup- 


Cuar. X. THE RESIDENT ENGINEERS. Wb 


posing a shaft of 30 feet deop to be sunk, it hur been calou- 
Jated that this would only be effectual for draining o cinde 
of about 100 yards, the water running down an incline of 
about 5 to 1; for it was found in the course of draining the 
bog, that a ditch 3 feet deep only served to drain a space of 
Jeas than 5 yards on each side, and two ditches of this depth, 
10 yards apart, left a portion of the Muss between them 
scarcely uffected by the drains. 

The three resident engincers selected by Mr. Stephenon 
to superintend the construction of the line, were Joseph 
Locke, William Allcard, and Juhu Dixon. ‘Whe last was 
appointed to that portion which lay acrom the Mos, neither 
of the other two envying his lot. On Mr. Dixon's arrival, 
about July, 1826, Mr. Locke proceeded to show him over 
the length ho was to take charge of, and to instal him in 
office. When they reached Chat Moss, Mr. Dixon found 
that tho line had already been staked out and tho lovely 
taken in detail by the aid of planks laid upon the bog. 
The cutting of the drains along cach sidv of the propoved 
road had also been commenced ; but the suft pulpy stuff bad 
up to thie time flowed into tiw drains and filled them UP 
as fast as they were cut. Proceeding acrows the Mous}'on 
the first day’s inspection, the new resident, when about 
halfway over, slipped off the plank on which ho walked, 
and sank to his knees in the bog. Struggling only sent 
him the deeper, and he might havo disuppoared altogether, 
but fur the workmen, who hastened 1o his assistance upon 
planks, and rescued him from his perilous position. Much 
disheartoned, he desired to return, and even thought of 
giving up the job; but Mr. Locke awured him that tho 
‘worst part was néw past; sv the new resident plucked up 
beart aguin, and both foundered on until they reached the 
further edge of the Moss, wet and plastered over with beg- 
sludge. Mr. Dixon's companions endeavoured to comfurt 
him by the sasurance that he might avoid similar perils, by 
walking upon “ pattens,” or boards fastencd to the sulea of 
his fagt, as they had done when taking the levels, und as 
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the workmen did when engaged in making drains in the 
softes’ parts of the Moss. ‘The resident engineer was sorely 
puzzied in the outset by the problem of constructing a road 
for heavy locomotives,.with trains of passengers and goods, 
‘pon a bog which he had found incapable of supporting hie 
own weight! 

My. Stephenson's idea was, that such a road might be 
mnde to float upon the bog, simply by meens of a sufficient 
extension of the bearing surface. Ax a ship, or a raft, ca- 
pable of sustaining heavy loads floated in water, so in his 
opinion, might a light road be floated upon a bog, which was 
of considerably greater consistency than water. Long 
beforo tho railway was thought of, Mr. Nosvoe had adopted 
the remarkable expedient of fitting his plough-horses with 
flat wooden soles or pattons, to onable them to walk upon 
the Moss land which ho had brought into cultivation. 
Those pattens were fitted on by means of a screw apparatus, 
which met in frent of tho foot and was casily fastened. The 
mode by which these-pattens served to sustain the horse is 
capable of easy explanation, and it will be obacrved that 
tho rationale likewise explainé the floating of a railway train. 
‘The foot of an ordinary farm-horee prosents a base of about 
five inches diameter, but if this base be enlarged to seven 
inches—the circles being to each other as the squares of the 
diameters—it will be found that, by this slight enlargement 
of the bese, a circle of nearly double the area has been se- 
cured; and consequently the pressure of the foot upon 
evary unit of ground upon which the horse stands has been 
reduced ono half. In fact, this contrivance has an effect 
tantamount to setting the horse upon eight feet instead of 
four. 

Apply the same reasoning to the ponderous locomotive, and 
it will be found, that even such a machine may be made to 
stand upon a bog, by means of a similar extension of the 
bearing surface. Suppose the engine to be 20 foet Jong and 
5 fect wide, thus covering a surface of 100 square feet, 
and, provided the bearing has been extended by —---- -* 
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cross sleepers supported on a matting of heath and branches 
of trees covered with s few inches of gravel, the pressure of 
an engine of 20 tons will be only equal to about 3 pounds 
per inch over the whole surface on which it stands. Such 
was George Stephenson's idca in coutriving his floating 
ruad—something like an elongated raft seruns the Moss; 
and we shall see that he steadily kept it in view in carry- 
ing the work intu execution. 

‘The first thing dono was to form a footpath of ling or 
heather along the propoxed road, on which a man might 
walk without risk of sinking. A single line of temporary 
railway was then laid down, formed of ordinary cross-bara 
about 3 feot long and en inch sqnare, with holes punched 
through them at the ends and nailed down tu temporary 
sleepers. Along this way ran the waggons in which were 
conveyed the materials requisite to form the permanent 
road. These waggons carrid about a ton cach, and they 
were propelled by boys running behinds.tlem along the 
narrow irén rails. The boys became so expert that they 
would run the 4 miles across at the rate of 7 or $ miles an 
hour without missing a step; if they had donc so, they 
would have sunk in many places up to their middle. A 
comparatively slight extension of the bearing surfuce being 
found sufficient to enable the bog to bear this temporary 
line, the circamstance was a source of increased confidence 
and hope to our engineer in proceeding with the furmation 
of the permanent roadway alongside. 

The digging of drains had been proceeding for some time 
along each side of the intended line; but they filled up 
almost as soon as gug, the sides flowing in, and the bottom 
vising up. It was only in same of the drier parts of the 
Dog that a depth of three or four feet could be reached. 
The surface-ground between the drains, containing the 
intertwined roots of heether and long grass, was left uu- 
touched, and upo:. this was spread branches of trees and 
hedge-cattings. In the softest places, rude gates or hurdler. 
wame® or 9 feet long by 4 fect wide, interwoven with 
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heather, were laid in double thicknesses, their ends over- 
lapping cach other; and upon this floating bed was spread 
a thin layer of gravel, on which the sleepers, chairs, and 
rails were laid in tho usual manner. Such was the mode 
in which the road was formed upon the Moss. 

It was found, however, after the permanent way had 
been thus laid, that there was a tendency to sinking at 
those parts where the bog was softest. In ordinary cases, 
where a bank subsides, the sleepers are packed up with 
ballast or gravel; but in this case the ballast was dug 
away and removed in order to lighten the road, and the 
sleepers were packed instead with cakes of dry turf or bundles 
ofheath. Ly these expedients the subsided parts were again 
floated up to the level, and an epproach was made towards 
a satisfactory road. But the most formidable difficulties 
were encountered at the centre and towarda the edges of 
the Moss; and it required no small degree of ingenuity and 
Persovorance on the part of the engineer successfully to 
ovorcome thum. ‘ 

Tho Moss, as already observed, was highest in the 
cengre, and it there presentéd a vort of hunchback with a 
rising and falling gradient. At that point it was found 
necenury to cut deeper drains in order to consolidate the 
ground betwoen them on which the ruad was to be formed. 
But, as at other places, the deeper the cutting the more 
rapid was tho flow of fluid bog into the drain, the bottom 
rising up almost as fast as it was removed. To meet this 
emergency, numbers of empty tar-barrels were brought 
from Liverpool; and as soon as & few yards of drain were 
dng, the barrels were laid down end to end, firmly fixed to 
each other by strong slabs laid over the joints, and nailed 
They were then covered over with clay, and thus formed an 
underground sewer of wood instead of bricks, This expe- 
dient was found to answer the purpose intended, and the 
road across the centre of the Moss having been so pre- 
pared, it was then laid with the permanent materials. 

‘The greatest difficulty was, however, experienced in form- 
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ing an embankment upon the edge of the bog at the Man- 
chester end. Moes asdry as it could be cut, waa brought up 
in small waggons, by men and boys, and empticd so as to 
form an embankment ; but the bank had scarcely been raised 
three or four feet in height, when the stuff broke through 
the heathery surface of the bog and sank ont of sight. 
More moss was brought up and emptied with no better 
result; and forewoeks the filling was continued without any 
visible embankment having been made. It was the duty 
of the resident enginecr to proceed to Liverpoul every fort- 
night to obtain the wages for the workmen employcd under 
him; and on these occasions he was required to colour up, 
on 4 section drawn toa working wealo suspended against 
the wall of the directors’ room, the amunnt of excavation 
and embankment from time to time exceuted. But on 
many of these occasions, Mr. Dixon hud no progress what- 
ever to show for the moncy expended on the (hat Mons 
embankment, Sometimes, indved, the vasiblu work done 
‘was less than it had appeared a furtnijsht or a mouth before! 

The directurs now became scriously alarmed, and feared 
that the evil prognostications of the eminent enginoery were 
about to be fulfilled. . The resident enginver was even culled 
upon to supply an estimate of the cont of forming an «m- 
bankment of solid stuff throughout, as also of the cost of 
piling the roadway, and in effect constructing a four mile 
viaduct of timbor across the Moss, from twenty to thirty 
feet high from the foundation. The expense appalled the 
directors, and the question arose, whether the work was to 
be proceeded with or abandoned / 

‘Mr. Stephenson,afterwards described the alarming posi- 
tio of affairs at a public dinner at Birmingham (2rd 
December, 1837), on the oocasion of a piece of plate being 
presented to his son, upon the completion of the Loudon 
end Birmingham Railway. He related the anecdote, he 
said, for the purpose of impressing upon the minds of tho 
who heard him the necessity of perseverance. 

“ After working for weeks and weeks,” said ho, “ in filling 
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ma materials to form the road, there did not yet appear to 
‘be the least sign of our being able to raise the solid em- 
banlkanent onc single inch; in short we went on filling in 
without the slightest apparent eff-ct. Even my assistants 
began to fecl uncasy, and to doubt of the success of the 
scheme. ‘The directors, too, spoke of it as a hopeless task: 
and at length they became seriously alarmed, e0 much 80, 
indeed, that a board meoting was held on Chat Moss to 
decide whether I should procecd any farther. They had 
previously taken the opinion of other engineers, who re- 
ported unfavourably. ‘hore was no help for it, however, 
but to goon. An immense outlay had been incurred; and 
great loss would have boen occaxioned had the scheme been 
thon abandoned, and the lino taken by another route. So 
the directors were compalled to allow me to go on with my 
plans, of tho ultimate sucocas of which I myself never for 
one moment doubted.” 

During the progress of this part of the works, the 
Worsley and Trafford men, who lived near the Moss, and 
plumed themselves upon their practical knowledge of bog- 
wor, declared the completion of the road to be utterly 
unpracticable. “If you knew as muck about Chat Moss as 
we do,” they said, “yon would never have entered on 20 
rash an undertaking ; and depend upon it, all you have 
done and are doing will prove abortive. You must give up 
the idea of a floating railway, and either fill the Moss hard 
trom the bottom, or deviate so as to avoid it altogether.” 
Such were the conclusions of science and experience. 

In the midst of all these alarms and prophecies of failure, 
Stephenson never Jost heart, but held to his purpose. His 
motto waa “Persevere!” “You must go on filling in,” 
he said; “there is no other help for it. The stuff emptied 
in is doing its work out of sight, and if you will but have 
patience, it will soon begin to show.” And so the filling in 
went on; several hundreds of men and boys were employed 
to skin the Moss all round for many thousand yards, by 
means of sharp spades, called by the turf cutters “ teaamy- 
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spades ;” and the dried cakes of turf were afterwards axed 
to form the embankment, until at length as tho stuff sink 
aud rested upon the bottom, the bank gradually rove abuve 
the surface, and sluwly advanced: onwards, declining in 
height ond consequently in weight, until it became joined 
to the fluating roud already laid upon the Moss, In the 
course of forming the embankment, the pressure of the bug 
turf tipped out of the waggons caused a copious stream of 
‘bog-water to flow from thy end of it, in eclour resembling 
Barclay’s double stout; and when completed, tho bank 
looked like a long ridgo of tightly pressed tobacco-teaf. 
The compression of the turf muy be imagined from the 
fact that 670,000 cubic yards of ruw moss formed only 
277,000 cubio yards of embankment at tho completiun of 
the work. 

At the western, or Liverpool end of tho Chat Mons, there 
was a like embankment ; but, as the ground there was solid, 
little difficulty was experienced in fortiing it, beyond the 
loss of substance caused by the oozing out of tho water held 
by the moss-earth, 

At another part of the Liverpool and Mancherter Jine, 
Parr Moss was crossed by an embankment about 14 mile 
in extent. In the immediate acighbourhood was found a 
large excess of cutting, which it would have bern nevesnary 
to “put out in spoil-banks” (according to the technical 
phrase) ; but the surplus clay, stone, and shale, were tipped, 
waggon after waggon, into Parr Mow, until a slid but 
concealed embankment, from fifteen to twenty-five feet high, 
was formed, although to the eye it appearn to be laid upon 
the level of the adjoining surface, as at Chat Moss. 

The road across Chat Moss was finished by the Int Janu- 
ary, 1830, when the first experimental traia of passengers 
passed over it, drawn by the “ Rocket;” and it turned out 
that, instead of being the most expensive part of the line, it 
was about the cheapest. The total cost of forming the line 
over the Moss was 28,0001, whercas Mr. Gilen's estimate 
waa? 70,0002! It alao proved to be one of the best portions 
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of the railway. Being a floating road, it was smooth and 
easy to run upon, just aa Dr. Arnott’s water-bed ix soft and 
easy to lie upon—the pressure being equal at all pointe. 
There was, and still is, a sort of springiness in the road 
over the Moss, such as ix felt in puming along a suspended 
bridge; and those who looked along the line as @ train 
passed over it, said they could observe a waviness, such ay 
precedes and follows a tkater upon ice, 

During the progress of these works the most ridiculous 
rumours were act afloat. ‘I'he drivers of the stage-coaches 
who feared for their calling, brought the alarming intel- 
ligence into Manchester from time to time, that “Chat Moss 
was blown ap!” “Hundreds of men and horses had sunk ; 
and the works were completely abandoned!” Tho engi- 
neer himself was declared to have been swallowed up in the 
Serbonian bog; and “railways were at an end for over!” 

In the construction of the railway, Mr. Stephenson's 
capacity for orgemising and directing the labours of a large 
number of workmen of all kinds eminently displayed itself 
A vast quantity of ballast-waggons had to bo constructed, 
and jmplemeonts and materials cullected, before the army of 
necessary Iabourers could be efficiently employed at the 
various points of tho line. There were not at that time, 
as there are now, large contractors possessed of railway 
plant, capable of executing carth-wurks on a large scale. 
The first railway engineer had not only to contrive the 
plant, but to organise and direct the labour. The labourers 
themselves had to be trained to their work; and it was on 
the Liverpool and Manchester line that Mr. Stephenson 
organised tho staff of that mighty band of. railway navvies, 
whose handiworks will be the wonder and admiration of 
sacceeding generations. Looking at their gigantic traces, 
the men of some future age may be found to declare of the 
engineer and of his workmen, that “there were giants in 
those days.” 

Although the works of the Liverpool and Manchester 
Railway are of 2 much leas formidable character than vhae 
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of many lines that have since been constructed, they were 
then regarded as of the most stupendous description. In 
deed, the like of them bad not before been excented in 
England. It had leen our engineer's original intention te 
earry the railway from the north end of Liverpool, round 
the red-sandstone ridge on which tho upper part of the 
town is built, and also round the higher rise of the coal 
formation at Rainhill, by fullowing the natural levels. But 
the opposition of the landowners having forced the line 
more to the sonth, it was rendered necexmry to cnt throngh 
the hills, and go over the high grounds instead of round 
them. 'Uhe first consequence of this alteration in the plans 
was the necessity for constructing a tunnel under the town 
of Liverpool 14 mile in length; the socond, a long and 
deep cutting through the red-sandstone rock at Clive 

Mount; and the third and most serious of all, was the necea 

sity for surmounting the Whiston and Sutton hills by in 

clined planes of 1 in 96. ‘The line waswilso, by the same 
forced deviation, prevented passing through the Lancashire 
coal-field, and the engineer was compelled to carry it acrons 
the Sankey valley, at @ point where tho waters of the brovk 
had dug out an excessively deep channel through tho ihurl- 
beds of the district, 

The principal difficulty was experienced in pushing oo 
the works connected with the formation of tho tunnel under 
Liverpool, 2200 yards in length. The blasting aud hewing 
of the rock were vigorously carried on night und duy; and 
the engineer's practical experience in the collieries hue 
proved of great uso to him. Many Obstacles had tu be 
encountered and, overcome i in the formation of the tunnel, 
the rock varying in hardness and texture at different parts. 
In some places the miners were deluged by water, which 
surged from the soft ‘blue shale fownd at the lowest lvvel of 
the tunnel In other places, beds of wet sand were cut 
through; and there careful propping and pinning were 
necessary to prevent the roof from tumbling in, until the 
masanry to support it could be erected. On one vccasion, 
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while the engineer was absent from Liverpool, 5 mass of 
Joosa moss-carth and sand fell from the roof, which had 
been insufficiently propped. The miners withdrew from 
tho work; and on Stephenson’s return, he found them in a 
refractory stato, refusing to reenter the tunnel He in- 
duced them, however, by his example, to return to their 
labours; and when the roof had been secured, the work 
went on again as before. When there was danger, he was 
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always ready to share it withthe men; and gathering cov- 
fidence from his fearlesaness, they proceeded vigorously with 
the hea boring and wining their way towards the 


The Olive Mount cutting was the first extensive stone 
cutting executed on any railway, and to this day it is one 
of the most formidable. Jt is abont two milea long, and in 
some parts 80 fuet deep. It is a narrow ravine or defile cut 
out of the solid rock; and not less than 480,000 cubic yards 
of stone were removed from it. Mr. Vignolles, afterwards 
describing it, enid it looked as if it bad been dug out by 
gianta. 

The crossing of s0 many roads and streama involved the 
necessity for constructing an unusual number of bridges, 
There were not fower than 68, under or over the railway, 
on the 30 miles between Liverpool and Manchester. Up to 
this time, bridges had been applied generally to high roads 
where inclined approaches were uf comparatively smal] 
importanve, and in determining the rise of his arch the 
engineer selected any headway ho thought propor. Every 
consideration was indeed made subsidiary to cunstructing 
the bridge itself, and, the completion of one lange structure 
of this sort was regarded as an epoch in engineering history. 
Yet here, in the course of a fuw years, nu fewer than ti} 
bridges were constructed on one line of railway! Mr. 
Stephengon early found that the ordinary arch was inappli- 
cable in certain cases, where the headway was limited, and 
yet the level of the railway must be proverved. In such 
cases he employed simple cast-iron beams, by which he 
safely bridged gaps of moderate width, economizing head- 
way, and introducing the use of a new material of the 
greatest possible value to the railway engineer. Tho 
bridges of masonry upon the line were of many kinds; 
several of them askew bridges, and others, such aa those at 
Newton and over the Irwell at Manchester, straight and of 
considerable dimensions; but the principal piece of masonry 
was tho Sankey viaduct. 
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This fine work is principally of brick, with stone facings, 
It connusts of nine arches of fifty feet, span cach. The 
massive picrs are supported on two hundred piles driven 
decp into the soil, and they 1280 to a great heght,—the 
coping of the parapet being seventy feet above the Jevel of 
the valley, in which flow the Sankey brook and canal. Its 
total cost was about 45,0001. 

By the end of 1828 the directors found they had expended 
460,0002 on the works, and that they were sill ff from 
completion. They looked at the las of mterest‘on tha 
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large investment, and began to grumble at the delay 
They desired to see their capital becoming productive; and 
in the spring of 1829 they urged the engineer to push un 
the works with increased vigour. Mr. Cropper, one of the 
directors, who took an active interest in their progress, maid 
to Stephenson one day, “Now, George, thou must get on 
with the railway, and have it finished without further 
delay; thon must really have it ready for opening by the 
first day of January next.” “Consider the heavy character 
of the works, sir, and how much we have heen delayed by 
the want of money, not to speak of the wotncss of the 
weather : it is impossible.” “ Imposible!” rejoined (rop- 
per; “I wish I could get Napoleon to thee—he would tell 
thee there is no such word as ‘imponmible’ in the vocabu- 
lary.” “Tush!” exclaimed Stephenson, with warmth; 
“don’t speak to me about Napolcon! Give mo mun, money, 
and materials, and J will do whut Napoleon couldn’t do 
—drive a railway from Liverpool to Manciestor over Chat 
Moss!” * 

‘The works made rapid progress in the conrse of the yoar 
1829, Double seta of labourers wore employed on (‘hat 
Mose and at other poirta, by night and day, tho night shifts 
working by torch and fire light; and at length, the work 
advancing at all puints, the directors saw their way to the 
satisfactory completion of the undertaking. 

It may well be supposed that Mr. Stuphenson’s time was 
fally occupied in superintending the extensive, and for the 
most part novel works, cunnected with the railway, and 
that even his extraordinary powers of lebour and endurance 
were taxed to the utmost during the four years that they 
were in progress, Almost every detail in the plans was 
directed and arranged by himself. Every bridge, from the 
simplest to the most complicated, including the then novel 
structure of the “skew bridge,” iron girders, siphons, fixed 
engines, and the machinery for working the tunnel at the 
Liverpool end, had to be thought out by his own head, and 
reduced to definite plans under his own eyea Besides ull 
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thin, he had to design the working plant in anticipation of 
the opening of tho railway. He must be prepared with 
‘waggons, trucks, and carriages, himsclf superintending their 
manufacture, The permanent road, turntables, switches, 
and crossings,—in short, the entire structure and machinery 
of tho line, from tho turning of the first sod to the running 
of tho first train of carriages upon the railway,—were 
executed under hin immediate supervision, And it was in 
the midst of this vast accumulation of work and responsi- 
bility that the battle of the locomotive engine had to be 
fought,—a battle, not merely against material difficulties, 
but against the still more trying obstructions of deeply- 
rooted mistrust and prejudice on the part of » considerable 
minority of the directors. 

Ho had no staff of experienced assistants,—not even a 
staff of draughtsmen in his office,—but only a few pupils 
learning their business; and he was frequently without 
oe thoir help The time of his engineering inspectors 

was fully occupiedin tho actual superintendence of the 
works at difforent part of tho line; and he tovk care to 
diyect all their more important operations in person, The 
principal draughtsman was Mr. Thomas Gouch, a pupil he 
had brought with him from Newcastle. “I may say,” 
writes Mr. Gooch, “that nearly the whole of the working 
and othor drawings, as well as the various land-plans for 
the railway, were drawn by my own hand. They were 
done at the Company’s office in Clayton Square during the 
day, from instructions supplied in the evenings by Mr. 
Stephenson, either by word of mouth, or by little rough 
hand-sketches on letter-paper. The cvenings were also 
generally devoted to my duties as secretary, in writing 
(mostly from his own dictation) his letters and reports, 
or in making calculations and estimates. The mornings 
before breakfast were not unfrequently spent by me in 
visiting and lending » helping hand in the tunnel and 
other works near Liverpool,—the untiring zeal and perse- 
verance of George Stephenson never for an instant flogging 
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and inspiring with a like enthusiasm all who were engaged 
under him in carrying forward the works.” * 

The usual routine of his life at this time—if routine it 
might be called—was, to rise early, by sunrise in summer 
und before it in winter, and thus “break the back of the 
day's work” by mid-lay, While tho tunnel under Liver- 
pool was in progress, one of his first duties in a morning 
before breakfast was to go over the various shafts, clothed 
iu a suitable dreas, and inspect their progress at different 
pointa ; on other days he would visit the extensive workshops 
at Edgehill, where most of the “plant” for the line was in 
course of manufacture. Then, returning to his house, in 
Upper Parliament Street, Windsor, after a hurried break. 
fast, he would ride along tho works to inspect thcir pro- 
gress, and push them on with greater energy where necdful. 
On other days he would prepare for the much los congenial 
engagement of meeting the Board, which was ofton a cause 
of great anxicty and pain to him; for i. was difficult to 
satisfy mon of all tempers, and some of theo not of tha 
most generous sort. On such occasions ho might bo seen 
with his right-hand thumb thrust through the topmost 
button-hole of his coat-breast, vehemently hitching his right 
shoulder, as was his habit when labouring under any con- 
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rider on hia back, he would walk up to a locomotive with 
the steam blowing off, and put his nose aguinst it without 
shying. “Bobby,” saddled and bridled, was brought to 
Mr. Stephenson’s door betimes in the morning; and mount- 
ing him, he would ride tho fifteen miles to Sankey, putting 
up at a little public house which then stood upon the banks 
of the canal. There ho had his breakfast of “crowdie,” 
which he made with his own hands. It consisted of oat- 
meal stirred into a basin of hot water,—a sort of porridge, 
—which was supped with ould sweet milk, After this 
frugal breakfast, he would go npon the works, and remain 
there, riding from point to point for the groater part of the 
day. When ho returned before mid-day, he examined the 
pay-shoots in the difforent departments, sent in by the 
assistant engincora, or by the foremen of the workshops. 
To ell these ho gave his most careful personal attention, 
roquiring when nocessary a full explanation of the items, 
After a late d' anor, which occupied vory short time and 
was always of a pluin and frugal desoription, he disposed 
of his correspondence, or preparod sketches of drawings, 
and gave instructions as tu their completion, Ie would 
occasionally refresh himself for thia evening work by a 
short doze, which, however, he would never admit had ex- 
ceeded the limits of “winking,” to use his own term, Mr. 
Fredorick Swanwick, who officiated as his secretary, after 
the appointment of Mr. Gooch as Resident Engineer to the 
Bolton and Leigh Railway, has informed us that he then 
remarked—what in after years he could better appreciate 
—the clear, terse, and vigorous style of Mr. Stephenson's 
dictation. There was nothing superfluous in it; but it was 
close, direct, and to the poiut,—in short. thoroughly business- 
like. And if. in passing through the pen of the amannensis, 
his meaning happened in any way to be distorted or modified, 
it did not fail to escape his detection, though he was alwaya 
tolerant of any liberties taken with his cwn form of expres- 
sion, 80 Jong as the words written down sonveyed his real 
meaning. = 
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His letters and reports written, and his sketches of 
drawings made and explained, the remainder of the evening 
was usually devoted to conversation with his wife and those 
of his pupils who lived under his roof, and constituted, as 
it were, part of the family. He then delighted to test the 
knowledge of his young companions, and to question them 
upon the principles of mechanics. If they were not quite 
“np to the mark” on any point, there was no escaping 
detection by evasive or specious explanations, These always 
brought out the verdict, “Ah! you know nought about it 
now; but think it over again, and tell mo whon you under- 
stand it.” 1f there were even partial success in the reply, 
it was at once acknowledged, and a full explanation given, 
to which the master would add illustrative examples for the 

of impressing the principle more docply upon the 
pupil's mind. 

‘It was not so much his object and purpose to “cram” the 
tmainds of the young men committed to his..charge with the 
results of knowledye, as to stimulate them to educate them- 
selves—to induce them to develope their mental and moral 
powers by the exercise of their own free onergies, and thus 
acquire that habit of selfthinking and self-reliance which 
is the spring of all true manly activa. In a word, he sought 
to bring out and invigorate the character of his pupils. He 
felt that he himself had been made stronger and better 
through his encounters with difficulty; and he would not 
have the road of knowledge made too smooth and easy for 
them. “Learn for yourselves,—think for yourselves,” he 
would say :—“ make yourselves masters of principles,—per- 
severe,—be industrious—and there is thon no fear of yuu.” 
And not the loast emphatic proof of the soundness of thiv 
syster: of education, as conducted by Mr. Stephenson, was 
afforded by the after history of these pupils themselves. 
‘There was not one of those trained under his eye who did 
not rise toeminent usefulness and distinction as an engineer. 
He sent them forth into the world braced with the spirit of 
manly pelf-help—inspired by his own noble example; and 
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they repeated in their after career the lessons of earnest 
effort and persistent industry which his daily life had 
taught them. 

Stephenson's evenings at home were not, however, exelu- 
sively devoted cither to business or to the graver exercised 
above referred to. He would often indulgo in cheerful con- 
versation and anecdote, falling back from time to time upon 
the strugglos and difficultics of his early life. The not 
unfrequent winding up of his story addressed to the young 
men abunt him, was, “Ah! ye young fellows don’t know 
what wark is in these days!” Mr. Swanwick takes pleasure 
in rocalling to mind how seldom, if over, a cross or captions 
word, or an angry look, marred the enjoyment of those 
evenings. The presence of Mrs. Stephenson gave them an 
additional charm; amiable, kind-hearted, and intelligent, 
she shared quictly in the pleasure of the party; and the 
atmosphere of comfort which always pervaded her home 
contributed in no small degree to render it a centre of 
cheerful, ho: intorcourse, and of carnest, .honest in- 
dustry. She was a wife who well deserved, what she 
through lifo retained, the strong and unremitting affection 
of hor husband, 

When Mr, Stephenson retired for’ the night, it was not 
always that he permitted himself to sink into alumber. 
Like Brindley, he worked out many a difficult problem mm 
bed; and for hours he would turn over in his mind and 
study how to overcome some obstacle, or to mature some 
Project, on which his thoughts were bent. Some remark 
inadvertently dropped by him at the breakfast-table in the 
morning, sorved to show that ho had been stealing some 
hours from ‘the past night in reflection dnd study. Yet he 
would rise at his scoustomed early hour, and there was no 
abatement of his usual energy in carrying on the Brainese 
of the day. 


Cur. x.  SUBERT STEPLENSON'S CAREER. 198 


CHAPTER XL 


Rosger Srernuxson’s Resrexos 1s Coromsia, AND Reroen 
—Tax Barris or rex Locomomryz— “Tux Rooxsr,” 


We return to the career of Robert Stephenson, who had 
eon absent from England during the construction of the 
Liverpool railway, but was shortly about to join his fnthor 
and take part in “the battle of the lucumotive," which wax 
now impending. 

On his return from Edinburgh Collego in the summer of 
1823, he had assisted in the survey of tho Stockton and 
Darlington line; and when the Locomotive Engine Works 
wore started in Forth Strect, Newcastle, ho took an active 
part in that concern, “The factor ,” Be says, “wan in 
active operation early in 1824; I left nd for Colombia 
in June of that year, having finished drawing the designs 
of the Brusselton stationary engines for the Stockton and 
Darlington Railway before I left.”* 

Speculation was very rife at the time; and amongst the 
most promising adventures were the companies organived 
for the purpose of working the gold and silver mines of 
South America. Great difficulty was experienced in finding 
mining engineers capable of carrying out those projects, 
and young men of even the most moderate experience were 
eagerly sought after, The Columbian Mining Association 
of London offered an engagament to young Stephenson, to 
Go out to Mariquita and take charge of the engineering 
operations of that company. Robert was himself desirous of 
ecoepting it, but his father said it would first be 
to ascertain whether the proposed change would be for his 
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good, His health had been very delicate for some time, 
partly occasioned by his rapid growth, but principally 
‘because of his close application to work and study. Father 
and son together called upon Dr. Headlam, the eminent 
physician of Newcastle, to consult him on the subject. 
During the cxamination which ensued, Robert afterwards 
used iv say that he felt as if he were apon trial for life or 
death. To bia great relicf, the doctor pronounced that a 
temporary residence in a warm climate was the very thing 
likely to bo most beneficial to him. The appointment was 
accordingly accepted, and, befuro many weeks had passed, 
Robert Stephenson sct sail for South America. 

After @ tolerably prosperous voyage he landed at La 
Guayra, on the north coast of Venczuela, on the 23rd July, 
from thence proceeding to Caraceas, the capital of the dis- 
trict, about 15 miles inland. There he remained for two 
mauihs, unable to proceed in couseqnence of the wretched 
rtate of tho road: in tho interior. Me contrived, however, 
to make occasional excursiuns in tho neighbourhood, with 
an cye tothe mining business on which he had come. About 
tha beginning of October ho‘set out for Bogota, the capital 
of Columbia or New Granada. The distance was about 
1200 miles, through a very difficult region, and it was 
performed ontirely upon mule-back after the fashion of the 
country. 

In the course of the journey Robert visited many of the 
districts reported to be rich in minerals, but he met with 
few traces except of copper, iron, and cval. with occasional 
indications of gold and silver. He found the people ready 
to furnish information, which, however, when tested, usually 
proved worthless, A guide. whom ho employed for weeka, 
kept him buoyed up with the hope of richer mining quar- 
ters than he had yet seen; but when he professed to be 
able to show him mines of “ brass, stecl, aleohol, and pinch- 
beck,” Stephenson discovered him to be an incorrigible 
rogue, and immediately dismissed him. At length our 
traveller reached Bogota, and after an interview with Mr. 
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Tllingworth, the commercial manager of the miuing Com- 
pany, he proceeded to Honda, crossed the Magdalena, and 
shortly after reached the site of his intended operations on 
the eastern slopes of the Andes. 

Mr. Stephenson used afterwards’ to xpeak in glowing 
terms of this his first mulejourney in South America. 
Everything was entirely new to him. The vurivty und 
beauty of tho indigenous plants, the luxurious tropical 
vegetation, the “apperrance, manners, and dress uf the peo- 
ple, and the mode of travelling, were altogether different 
from everything he had before seen. His own travelling 
garb also wust have been strange even to himself. “My 
hat,” he suys, “was of plaited grass, with a crown nine 
inches in height, surrounded by a brim of six inches; a 
white cutton suit; and a rvana of blue and crimsun pluid, 
with a hole in the centro for the heud te pasu through, 
This clouk is admirably adapted fur the purpose, amply 
covering the rider and mule, and st night answering the 
purpose of blanket in tho nct-hammock, which is made 
from fibres of the ulce, and which every traveller carries 
befure him on his male, and suspends to the trees or in 
houses, as vccasion may require.” The part of the joufauy 
which secms to have made the most lasting impression 
on his wind was that between Bogota and the mining 
district in the neighbourhood of Mariquita. As he ascended 
the slopes of the mountain-range, and reached the first step 
of the tuble-land, he was struck beyond expression with the 
uoble view of the valley of the Magdalena behind him, sv 
vast that he fuiled in attempting to define the point at 
which the course of the river blended with the borizun. 
Like all travellor’in the district, he noted thé remarkable 
changes of climate and vegetation, as be rove from the 
burning plains towards the fresh breath of the mountains. 
From an atmosphere as hot as that of an oven he pawed 
into delicious cool air; until, in his onward and upward 
journey, a still more temperate region was reached, the 
very perfection of climate. Before Lim rove the majestic 
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Cordilleras, forming a rampart against the western akies, at 
certain times of the day looking black, sharp, and, at their 
summit, almoxt as even as a wall. 

Our engineer took vp his abode for a time at Mariquita, 
a fine old city, though then greatly decayed. During the 
period of the Spanish dominion, it was an important place, 
most of the gold and silver convoys passing through it on 
their way to Cartagena, there to be shipped in galleons for 
Europe. The mountainous country to the west was rich in 
silver, gold, and other metals, and it was Mr. Stephenson’a 
objoct to seloct the best site for commencing operations for 
the Company. With this object he “prospected” about 
in all directions, visiting long-abandoned mines, and ana- 
lysing specimens obtained from many quarters. The mines 
oventually fixed upon as the scene of his operations were 
those of La Manta and Santa Anns, long before worked by 
the Spaniards, though, in consequence of the luxuriance and 
rapidity of the v-getation, all traces of the old workings 
bad become completely overgrown and lost. Hverything 
had to be begun anew. Roads had to be cut to the mines, 
machinery to be erected, atid the ground opened up, in 
course of which some of the old adits were hit upon. The 
hative peons or labourers were not accustomed to work, 
and at first they usually contrived to desert when they 
were not watched, so that very little progress could be 
made until the arrival of the expected band of miners from 
England. The authorities were by no means helpful, and 
the engineer was driven to an old expedient with the 
object of overcoming this difficulty. “We endeavour all 
‘wy can,” be saya, in one of his letters, “to make ourselves 
popular, and this we find most effectually accomplished by 
‘regaling the venal beasts.’”* He also gave a ball at Mari- 
_ quita, which passed off with éclat, the governor from Honda, 
with a host of friends, honouring it with their presence. 
It was, indeed, necessary to “make a party” in this way, 
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as other schemers were already trying to undermine the 
Colombian company in influential directions. The engi- 
neer did not exaggerate when he said,“ The uncertainty of 
transacting business in this country is perplexing beyond 
description.” 

At last, his party of miners arrived from England, but 
they gave him even more trouble than the peons had done. 
They were roagh, drunken, and sometimes altogothor un- 
governable. He set them to work at the Santa Anna mine 
without delay, and at the same timo took up hiv alxide 
amongst them, “to keep thom,” he snid, “if possible, from 
indulging in the detestablo vico of drunkenness, which, if 
not put a stop to, will eventually dentroy themsclves, and 
involve the mining association in ruin." T'o add to his 
troubles, the captain of the minera displayed a vory hostile 
and insubordinate spirit, quarrelled and fought with the 
men, and was insolent tothe engineer himself. ‘T'he captain 
and his gang, being Cornish men, told Robert to his faor, 
that because he wae a North-country man, and not born in 
Cornwall it was impossible he should know anything of 
mining. Disease also fell upon him,— first fever, andethen 
visceral derangement, followed by a return of his “old 
complaint, a feeling of oppression in the breast.” No 
wonder that in the midst of these troubles he should 
longingly speak of returning to his native land. But ho 
stuck to his post and his duty, kept up his courage, and by 
a mixture of mildness and firmness, and the display of great 
coolness of judgment, he contrived to keep the men to 
their work, and gradually to carry forward tho enterprise 
which he had undertaken. By the beginning éf July, 1826, 
we find that quictness and order had been restored, and the 
works were proceeding more satisfactorily, though the yield 
of silver was not as yet very promising. Mr. Stephenson 
calculated that at least three years’ diligent and costly 
oyerations would be needed to render the mines productive. 

In the mean time he removed to the dwelling which bad 
been Srected for his accommodation at Santa Auna. It was 
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a stracturo ppeedily raised after the fashion of the country. 
The walls were of split and flattencd bamboo, tied together 
with the Jong fibren of a dricd Ginbing plant; the s00f was 
of pabn-laves, and thé ailing of rads. When an ecarth- 
quake shook the district —for carthquakcs were frequent— 
the inmates of such a falnic mocly ft a4 if shaken ina 
basket, without sustaining any Lamu. Ju front of the 
cottage lay a woody ravine, extunting almost to the base of 
tho Andes, gorgeously clothed in jrimeval vegetation— 





‘Robert Stephensan’s Cottage at Sunta Anns. 


magnolias, palms, lamboos, tree-ferns, acacias, cedars; and, 
towering over all, the great almendrons, with their smooth, 
silvery stems, bearing aloft noble clusters of pure white 
blossom. The forest was haunted by myriads of gay insects, 
butterflies with wings of dazzling lustre, birds of bfilliant 
plumage, humming-birds, golden orioles, toucans, and«a 
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host of solitary warblere, But the glorions snnsets acen 
from his cottage-porch more than al] astonished and de- 
lighted the young engincer; and he was accustomed tu sy 
that, after having witnessed them, he was reluctant to 
aconse the ancient Peruvians of idolatry. 

But all these natural beauties faikd to reconcile him to 
the harassing difficulties of his situation, which continued 
to increase rather than diminish. He was hampered by the 
action of the Board at home, who gave cur tu hostile 
criticisms on his reports; and, althongh they afterwards 
made handsome acknowledgment of his S nerviowk, he felt his 
position to be altogether unsatisfactory. He therefore 
determined to have at the expiry of his three yenrs 
engagement, and communicated his decinion to the directors 
accordingly. On receiving his letter, the Board, through 
Mr. Richardson, of Lombard street, one of the dirvetors, 
communicated with his father at Newcastle, representing 
that if he would allow his son to remain in Colombia the 
Company-would make it “worth is whe To this the 
father gave a decided negativo, and intimated that he 
himeclf needed his son’s assistance, and that he must 
return at the expiry of his three years’ term,—a decision, 
writes Robert, “ at which I feel much gratified, as it in clear 
that he is as anxious to have me back in England as I am 
togetthere.”* At the samo time, Edward Pease, a principal 
partner in the Newcastle firm, privatcly wrote Robert to the 
following effect, urging his return home:—"1 can assure 
thee that thy business at Newcastle, as well as thy father's 
engineering, have suffered very much from thy absence, and, 
unless thou soon return, tho former will be given up, as Mr. 
Longridge is not able to give it that attentior it requires : 
and what is done is not done with credit to the house.” 
‘The itica of the manufactory being given up, which Robert 
had laboured so bard tu establish before leaving England, 
was painful to him in the extreme, and he wrote to the 
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manager of the Company, strongly urging that arrange- 
ments shoud be made for him to leave without delay. In 
the mean time he was again laid prostrate by another violent 
attack of aguish fever; and when able to write in June, 
1827, he expressed himself as “completely wearied atl 
‘worn down with vexation.” 

At length, when he was sufficiently recovered from his 
attack and able to travel, he set out on his voyage home- 
ward in the beginning of August. At Mompox, on his way 
down the river Magdalena, he met Mr. Bodmer, his suo- 
cossor, with a fresh party of minors from England, on their 
way up tho country to the quarters which he had just 
quitted. Next day, six hours after leaving Mompox, a 
steamboat was met ascending the river, with Bolivar the 
Liberator on board, on his way to St. Bogota; and it was 
& mortification to our engineer that he had only a passing 
sight of that distinguished person. 1¢ was his intention, on 
leaving Mariquit fo vit the Iothaas of Punanoa cu hie way 
home, for the purposeof inquiring into the practicability of 
cutting 4 canal to unite the Atlantic and Pacifio—a 
which then formed the subject of considerable public dis- 
ousettn; but his presence being so anxiously desired at 
home, he determined to proceed to New York without 
delay. 

Arrived et the port of.Cartagena, he had to wait some 
time for « ship. The delay was very irksome to him, the 
more 80 a8 the city was then desolated by the ravages of the 
yellow fever. While sitting one day in the large, bare, 
comfortless public room of the miserable hotel at which he 
put up, he observed two strangers, whom he at once per- 
ceived to be ‘English. One of the strangers was a tall, gaunt 
man, shrunken and hollow-looking, shabbily dressed, and 
apparently poverty-stricken. On making inquiry, he found 
it was Trevithick, the builder of the first railroad loco- 
motive! He was returning home from the gold-mines of 
Pern penniless. He had left England in 1816, with power- 
ful steam engines, intended for the drainage and working of 
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the Peruvian minea. He met with almost » royal reception 
on his landing at Lima. A guard of honour was appointed 
to attend him, and it was even proposed to erect a statue of 
Don Ricardo Trevithick in solid silver, It was given forth 
in Cornwall that his emoluments amounted to 100,0001. a 
year,* and that ho was making a gigantic fortune. Great, 
therefore, was Kobert Stephenson's surprise to find this 
potent Don Ricardo in the inn at Cartagena, reduced almort 
to his last shilling, and unable to proceed further. He had 
indeed realised the truth of the Spanish proverb, that 
“a silver-mino brings misery, a gold-mine ruin.” Mo and 
his friend had lost everything in their journey across the 
country from Peru. They had furdod river and wandered 
through forests, leaving a}] their bagzage behind them, and 
had reached thus far with little more than tho clothes upon 
their backs. Almost the only remnant of precions mctal 
saved by Trevithick was a pair of silver xpnrs, which he 
took back with him to Cornwall. Rober* Stephenson lent 
him 501. fo enable him to reach England; and though be 
was afterwards heard of as an inventor thero, be had no 
farther part in tho ultimate triumph of the locomotive, 
But Trevithick’s misadventures on thin occasion had not 
yet ended, for before he reached New York he was wrecked, 
and Robert Stephensun with him. The following in the 
account of the voyage, “big with adventures,” as given by 
the latter in a letter to his friond Illingworth :—~* At first 
we had very little foul weather, and indced were for severa! 
days becalmed amongst the islands, which wax so fur 
fortunate, for a few degrees further north the mont tre- 
mendous gales were blowing, and they appeay (from onr 
future information) to have wrecked every vessel exposed tc 
their violence. We had two examples of the effects of the 
hurricane; for, as we sailed north we took on board the 
remains of two crews found floating about on dismantled 
bulla The one had been nine days without food uf any 
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kind, oxcept the carcasses of two of their companions who 
had died a day or two previously from fatigue and hunger. 
"The other crew had Leon driven about for six days, and 
‘Were not so dejected, but reduced to such a weak state that 
they wore obliged to be drawn on board our vessel by ropes. 
A brig bonnd for Havannah took part of the men, and we 
took the remainder. To attempt any description of my 
feelings on witnessing such socucs would be in vain. You 
will not be surprised to learn that J felt sumewhat uneasy 
at the thought that we were so far from England, and that 
I also might possibly suffer similar shipwreck; but I con- 
soled myxclf with the hope that fate would bo more kind to 
us. It was not so much s0, however, as 1 had flattered 
myself; for on voyaging towards New York, after we had 
made the land, we ran aground about midnight. The 
‘vessel soon filled with water, and, being surrounded by the 
breaking surf, tho ship was soon split up, and before morn- 
ing our situationdbecame perilous. Masts and all wore cut 
away to prevent tho hull rocking; but all we conld do was 
of no avail. About 8 o'clock on the fullowing morning, after 
most miscrablo night, we wete taken off the wreck, and were 
so fortuuate a8 to reach the shore. al saved my minerals, 
bat Empson Jost part of his botanical cullection. Upon the 
whole, wo got off well; and, had I not Leen on the Ame- 
rican side of the Atlantic, I ‘guess’ 1 would not have gone 
40 fea again.” 

After a short tour in the United States and Canada, 
Robert Stephenson and his friend tock ship for Liverpool, 
where they arrived at the end of November, and at once 
proceeded to Newcastle. Tho factory wes by no means in a 
prosperous state, During the time Robert had been in 
America it had been carried an at a losa; and Edward 
Pease, much disheartened, wished to retire, but George 
Stephenson was unable to buy him out, and the establiah- 
ment had to be carried on in the hope that the locomotive 
might yet be established in public estimation as » practical 
and evonomical working power. Robert Stephenayn immedi- 
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ately instituted a rigid inquiry into the working of the con- 
cern, unravelled the accounts, which had fallen intu confusion 
during his father's absence at Liverpool; and be soon snc- 
ceeded in placing the affairs of the faotury in a more healthy 
eundition. In all this he had the hearty support of hiv 
father, ax well as of the other partners. 

The works of the Liverpool and Manchester Railway 
were uow «pprpaching completion. But, singular to say, 
the directors had not yet decided as to the tructive power 
to be employed in working the line when opened for traffic, 
‘The differences of opinion amung them were so great ag 
apparently to be irreconcilable. 1 waa neocnsary, however, 
that they should come to some decision withont further loss 
of time; and many Board meetings were acourdingly held to 
discuss the subject. The old-fashioned and woll-tried 
system of horse haulage was not without its udvocates; but, 
looking at the large amount of traffic which thure was to bo 
conveyed, and at the probable delay im the transit frow 
station to station if this method were adopted, tho directors, 
after a visit made by them to the Northumberland and 
Durham railways in 1828, cate to the conclusion that the 
employment of horse power was inadmissible. 

Fixed engines had many advocates: the locomotive very 
few: it stood as yet almost in a minurity of ono—George 
Stephenson. The prejudice against the employment of the 
latter power had even increwed since the Liverpool and 
Manchester Bill underwont its first ordeal in the House of 
Commova. In proof of this, wo may mention that the 
Newcastle and Carlisle Railway Act was conceded in 162%, 
on the express condition that it should not bo worked by 
locomotives, but by horses only. 

Graye doubts existed as to the practicability of working 
@ large traffic by means of travelling engines. The most 
celebrated evgincers offered no opinion on tho subject. 
They did not believe in the locomotive, and would scarcely 
take the irouble to examine it. The ridicule with which 
Gearge Stephenson had been assailed by the barristers 
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before the Parlismentary Committee had not been alto- 
gether distasteful to them. Perhaps they did not relixh 
the idea of a man who had picked up his experience in 
Newcastle coal-pits appearing in the capacity of a leadirg 
engineer before !’arliamont, and attempting to establish a 
new system of internal communication in the country. 
The directors could not disrogard the adverse and conflict- 
ing views of tho professional men whom they consulted. 
But Mr. Stephenson had" so repeatedly and earnestly urged 
apon them the propricty of making a trial of the locomotive 
before coming to any decision against it, that they at length 
authorised him to proceod with tho construction of one af 
his engines by way of experiment. In their report to the 
proprictors at their annual mecting on the 27th March, 
1828, they state that they had, after due consideration, 
authorised tho engincer “to prepare a locomotive engine, 
which, from the nature of its construction and from the 
experiments already made, he is of opinion will be effective 
for the purposes of the Company, without proving an annoy- 
auce to the public.” The locomotive thus ordered was 
Placed upon the line in 1829, and was found of great ser- 
vice in drawing the waggons full of marl from the two 
great cuttings. 

In the mean time the discussion proceeded as to the kind 
of power to be permanently employed for the working of 
the railway. The directors were inundated with schemes 
of all sorts for facilitating locomotion. The projectors of 
England, France, and America, seemed to be let loose upon 
them. There were plans for working the waggons along 
the line by water power. Some proposed hydrogen, and 
others carbonio acid gas. Atmospheric pressure had ita 
eager advocates. And various kinds of fixed and locomo- 
motive steam-power were suggested. Thomas Gray urged 
his plan of a greased road with cog raila; and Messrs, 
Vignolies and Ericsson recommended the adoption of a 
csntral friction rail, against which two horizontal rollers 
under the locomotive, pressing upon the sides of this rail, 
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were to afford the means of sacending the inclined plancs. 
The directors felt themselvea quite unable to choose from 
amidst this multitude of projects. The engineer expressed 
himeelf as decidedly as heretofore in favour of smogth raila 
and locomotive engines, which, he was confident, would be 
found the most ecouomical and by far the most convenient 
moving power that could be employed. The Stockton and 
Darlington Railway being now at wurk, ancther deputation 
went down personally to inspect the fixed and locomotive 
engines on that line, as well as at Hetton and Killingworth, 
They nturned to Liverpool with much information ; but 
their testimony as to the relative merits of tho two kinds of 
engines was no contradictory, that the directors wero os far 
from a decision as ever. 

They then resolved to call to their aid two profersional 
engineers of high standing, who should visit the Darlington 
and Newcastle railways, carefully examine both modes of 
working—the fixed and the locomotive, ind report to them 
fully on the subject, The gentlemen nelucted were Mr. 
Walker of Limehouse, and Mr. Jtastrick of Stourbridge. 
After carefully examining tho modes of working tho northern 
railways, they made their report to tho directors in the 
spring of 1829. They concurred in the opinion that the 
cost of an establishment of fixed engines would be sume- 
what greater than that of locomotives to do the same work; 
but thought the annual charge would be loss if the former 
were adopted. They caloulated that the cost of moving n 
ton of goods thirty miles by fixed engines wotild be 6°40d., 
and by locomotives, 8:36d.,—assuming a profitable traffic tc 
‘be obtained both-ways. At the same time it was admitted 
that there appeared more ground for expecting improve- 
menta in the construction and working of locomotives than 
of stationary engines. On the whole, however, and looking 
especially at the computed annual charge of working the 
road on the two systems ona large scale, the two reporting 

were of opinion that fixed engiues were prefer- 
able,and accordingly revommended their adopticn. And, in 
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order to carry the system recommended by them into effect, 
they propused to divide the railroad between Liverpool and 
Manchester into nineteen stages of abuut a mile and a half 
each, with twenty-ono.engines fixed at the difforent points 
to work the trains forward, 

Such was the result, 40 far, of George Stephenson's labours, 
Two of tho best practical engineers of the day concurred in 
reporting substantially in favour of the employment of fixed 
engiucs, Not a single professional man of eminence sup- 
ported the engincer in his preference for locomotive over 
fixed engino power. He had scarecly an adherent, and the 
locomotive system seenied on the evo of being abandoned. 
Still he did not despair. With the profession ag well as publio 
opinion against him—fur the most frightful stories were 
abroad respecting the dangers, the uusightliness, and tho 
nuignuco which tho locomotive would create-—Stephenson 
hold to his purpose. Even in this, apparently the darkest 
hour of the locomotive, he did nut hesitate to declare that 
Jooomaotive railroads would, before many years had passed, 
bo “ the great highways of the world.” 

Tie urged his viows upon the dirctors in all ways, and, 
4s somo of them thought, at all scayux. Ie pointed ont 
tho greater convenience of luconiotive power for the purposes 
of a public highway, likening it to o series of short unoon- 
nected chains, any ono of which could be removed and 
anothor substituted without interruption to the traffic; 
whereas the fixed engine system might be regarded in the 
light of a ‘continuous chain extending between the two 
tennini, the failure of any link of which would derango the 
whole.* He represented to the Board that the locomotive 


* Tho arguments ued hy Mr. phlet was entitled, ¢ Observations 
Stephenson with the directors, in on the Comparutive Morits of 
favour of the locomotive engine, Locomotive aud Fixed Engines.’ 
were afterwards collected and pab-' Robert Stephenson, speaking of 
Hahod in 1830 by Hobert Stephen- ithe authorship muny yenrs after, 
em and Joseph Locke, as “crm-) suid. “I believe I furnished the 

fled from the Reporte of Br. | fuets end the arguments ond Lack 
George 5 Stepbeneon.” The pam-! put them into shape, Lo@ke waa 
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ments were held out to inventors and machinists to make 
them; and he pledged himself that, if time were given him, 
he would construct an ongine that should satisfy their 
requirements, and prove itvelf capable of working hvavy 
loads along tho railway with speed, regularity and safvty. 
At length, influenced by his persistent eurnestness not lees 
than by hin arguments, tho directors, at tho suggustiun of 
Mr. Harrison, detormined to offer a prizo of 500/. for tho 
best locomotive engine, which, on a cortain day, should be 
produced on tho railway, and perform certain specitied 
conditions in the most satisfactory manner.* 

Tt was now felt that the fate of railwnyn in a great 
measure depended upon the ine of this appeal to the mo- 
chanical genius of England. When tho advertisment of 
the prize for the best locomotive was publixhed, scientific 
mon began mvru particularly to direct their attention to 
the new power which was thus struggling into oxistonce. 
In the meun timo public opinion on tho subject of ruilway 





a very flowery writer, whereas my 
style was rather teld and unot- 
tmetive; i was the editor of 
the pamphlet, which exeitd o 
good deal of attention amonget 
engineers at the time 

* The conditions were these :— 

1. The engine must effectually 
consume its own smoke, 

2, The engine, if of six tong 
weight, must be ably to draw after 
it, day by day, twenty tons weight 
(ineluding tho tender and water- 
tank) ot fex miles an hour, with o 
pressure of stam on the boiler not 
svol ing fifly pounds to the square 


8. The boiler must have two 
eafety-valves, neither of which 
must be fastened down, and one 
of them be completely ont of the 
control of the engineman. 















4 ine and boiler must, 8. The 
ve vapboried on speimge eed wart | nee 3502, 


on six wheeli, tho height of the 
wholv not execeding fitton fet to 
Aho tp of thy hime. 

5, The engine, with wnter, must 
not wench more than nix tows; but 
ant engusy of less weight would be 
preferred on its drawing a propor 
tionate loed behind it; at wnly foar 
fund u hulf tony, then it anight bo 
put on only four wheels. ‘he Coan 

pany to Le at liberty to tent the 

ilex, &e., by @ pressure of cme 
hundred and fitty pounds to the 
syuure inch, i 

6. A muereurial grogo must be 
aftixrd to the macl i 
the etiam prowure above forty-five 
poundy per square inch, 

7. The engine must be delivered, 
complete and rudy fur triul, at the 
Liverpool end of the milway, not 
later than the Int of Ortober, 1829, 

ice of the engine must 
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working remained suspended, ard the progress of the under- 
taking was watched with intense interest. 

During the progress of the discussion with reference to 
the kind of power to be employed, Mr. Stephenson wus in 
constant communication with his son Robert, who made 
frequent visita to Liverpool for the purpose of assisting hia 
father in the preparation of his reports to the Board on tho 
mubject. They had also many conversations as to tho best 
mode of increasing tho powers and perfecting the mechanism 
‘of the locomotive. These became more frequent and inte- 
resting, when tho prize was offered for the best locomotive, 
ard the working plans of ihe ongino which they proposed 
to cunstruct came to be settled. 

One of the most important considorations in the new 
engine was the arrangement of the boiler and the extension 
of its heating surface to enable steam enough to be raised 
rapidly and continuously, for the purpose of maintaining 
high rates of spged,—the effect of high-preammre engines 
‘being ascortained to.depend mainly upon the quantity of 
steam which the boiler can generate, and upon its degree 
of clasticity when produced: Tho quantity of steam so 
genérated, it will be obvious, must depend chiefly upon the 
quantity of fuel consumed in the furnace, and by necessary 
consequence, upon the high rate of temperature maintained 
there. 


Tt will be remembered that in Stephenson's first Killing- 
worth engines he invented and applied the ingenious 
method of stimulating combustion in the furnace, by throw- 
ing the waste steam into the chimney after performing ita 
office in the cylinders, thus accelerating, the ascent of the 
current of air, greatly increasing the draught, and conse- 
quently the temperatare of the fire. This plan was 
by him, as we have already seen, as early as 1815; and it 
was co successful that he himself attributed to it the 
greater economy of the locomotive as compared with horse 
power. Hence the continuance of its use upon the Killing 
worth Railway. 
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‘Though the adoption of the steam-blast greatly quickened 
combastion and ountributed to the rapid production of high- 
pressure steam, the limited emount of heating surface pre. 
sented to the fire was still felt to bé an obstacle to the 
complete succes of the locomotive engine. Mr. Stephenson 
endeavoured to overcome this by lengthening tho boilers 
and increasing tho surface presented by the flue-tubes. ‘I'he 
“Lancashire Witeh,” which he built fur tho Relton and 
Leigh Railway, and wed in forming tho Liverpool and 
Manchester Railway embankments, was cunstructed with 
@ doublo tube, each of which contained a fire and pasted 
longitudinally through tho boiler. But thia arrangement 
necessarily led to a considerable increase in the weight of 
the engino, which amounted to about twelve tons: and as 
six tona was tho limit allowed fur engines admitted to the 
Liverpool competition, it was clear ihat the time was come 
when the Killingworth locomotive must underge a farthor 
important modification. 

For many’ years previous to this pdriod, ingenions me. 
chanics had been engaged in attempting to solve the problem 
of the best and most economical x for the productionsof 
high-pressure steam, As carly as 1803, Mr. Woolf patented 
@ tubular boiler, which wax extensively employed at tho 
Cornish mines, and was found greatly to facilitate the pro- 
duction of steam, by the extension of the hoating surface. 
The ingenious Trevithick, in his patont of 1815, secmas also 
to have entertained the idea of employing a bviler con- 
structed of “mall perpendicular tubes,” with the ame 
object of increasing the heating surface. Theso tubes were 
to be closed at the béttom, and open into a common roser- 
voir, from which they were to receive their water, and 
where the steam of all the tubes was to be united. 

About the same time George Stephenson was trying the 
effect of introducing small tubes in the boilers of hix loco 
motives, with the object of increasing their evaporative 
power. Thus, in 1829, he sent to France two engines con- 
structed at the Newcastle works for the Lyons and St 

w 
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Etienne Railway, m the boilers of which tubes were placed 
containing water. The heating surface was thus found to 
be materially increased; but the expedient was not success- 
ful, for the tuber, becoming farred with deposit, shorily 
burned out and were removed. It was then that M. Seguin, 
the engincer of the railway, pursuing the same idea, adopted 
his plan of employing heizontal tubes through which 
tho heated air passed ia streanilets, Mr. Henry Booth, the 
secretary of the Liverpol and Manchester Hailway, with- 
ont any knowledge of M. Seguin’s proceedings, next devised 
his plan of a tubular boiler, which he brought under the 
notice of Mr. Stephenson, who at once adopted it, and 
settled the mode im which the fire-box and tubes were to be 
mutnally arranged and connected. This plan was adopted 
in the construction of the celebrated “Tocket” engine, the 
building of which was immodiately procorded with at 
the Newcastle works. 

The principa, cireumstances connected with the constrao- 
tion of the “ Rocket,” as described by Robert Stephenson to 
the author, may be briefly stated. The tubular principle 
‘wes adopted in a more complete manner than had yet been 
attempted. Twenty-five copper tues, each three inches in 
diameter, extended from one end of tho boiler to the other, 
the hoated air passing through them on its way to the 
chimney; and the tubes being surrounded by the water of 
the boiler, it will be obvious that a large extension of the 
heating surface was thus effoctually secured. The principal 
difficulty was in fitting tho copper tubes within the boiler 
eo as to prevent leakage. They were made by a Newcastle 
coppersmitn, and soldered to brass screws which were 
sorowed into the boiler ends, standing out in great knoba. 
‘When the tubes were thus fitted, end the boiler was filled 
with water, hydraulic pressure was applied; but the water 
squirted out at every joint, and the factory floor was soon 
flooded. Robert went home in despair; and in the first 
moment of grief, he wrote to hia father that the whole 
thing was ¢ failure, By return of most came letter from 
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his father, telling him that despair was not to be thonght 
of—that he must “try again ;” and he suggested a mode of 
overcoming the difficulty, which his son had already antici- 
pated and procosded to adopt. It was, to bore clean holew 
in the boiler ends, fit in the smooth copper tubes as tightly 
as possible, solder up, and then raise the steam. This plan 
succeeded perfectly, the expansion of the copper tubes com- 
pletely filling up ‘all interstices, and producing a perfectly 
watertight boiler, capable of withstanding oxtreme internal 
Pressure, 

The mode of employing the steam-hlast for the purpose 
of increasing the draught in tho chimney, wax also tho 
subject of numerous experiments When tho cngino was 
first tried, it was thought that tho blast in the chimney 
‘was not strong enough to keep up the intensity of the fir 
in the furnace, so as to produce bigh-premmre steam in suf 
ficient quantity. Tho expedient was therfore adopted of 
hammering+the copper tubes at the point at which they 
entered the chimncy, whereby the blust was considerably 
sharpened; and on a further ¢rial it was found that the 
draught was increasod to such an extent as to enablo alfin- 
dance of steam to be raised. Tho rationale of tho blast may 
be simply explained by referring to the effect of contracting 
the pipe of a watcr-hose, by which the furco of the jet 
of water is proportionately increased. Widen the nozzle of 
the pipe, and the force is in like manner diminished. Su in 
it with the stcam-blast in the chimncy of the locomotive. 

Doubts ware, however, expressed whether tho greater 
dranght secured by, the contraction of the blast-pipo wus 
uot counterbalanced in some degree by th8 negative 
pressure upon the piston. A series of experiments wun 
mado with pipes of different diameters; the amount of 
vacuum produced being determined by a glass tube upen 
at both ends, which was fixed to the bottom of the smuke- 
box, and descended into « bucket of weter. As she rure 
faction took place, the water would of course rise in the 
tupe; ang the height to which it rose above the murfive 

P2 
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of the water in tho bucket was made tho meesure of the 
amount of rarefaction. These experiments proved that a 
considerable increase of draught was obtained by the con- 
traction of tho orifice; accordingly, the two blast-pipes 
opening from the cylinders intu cither side of the “ Rocket” 
chimney, and turned up withm it, were «mtiactcd slightly 
below the area of tho stcam-ports; and before the engine 
left tho factery, the water rose in the glass tube three 
inches above the water in the luckct. 

Tho other arrangements of the “ Roceet” were briefly 
these.— the boiler was cylmdiial with flat ends, 6 feet 
in length, and J fect 4 inches m diamcter. The upper 
half of tho boiler was used as a rcservoir for the steam, 
the lower half being filled with water, ‘T'laough the lower 





‘The * Rocket.” 


part, 25 copper tubes of 3 inches diameter extended, which 
were open to the fire-box at one end, and to the 
at the other. The fire-box, or furnace, 2 feet wide 
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feet high, wae attached immediately behind tho boiler, and 
was also surrounded with wator. The cylinders of the 
engine were placed on each side of the boiler, in an oblique 
position, one end being nourly level ‘with the top of the 
boiler at its after end, and the other pointing towards 
the centre of the foremost or driving pair of wheels, with 
which the connection was directly mado from the piston- 
rod, to a pin on the ontside of the wheel. The engine, 
together with its load of water, weighed only 4} tons, and 
was supported on four wheels, nut coupled. Tho tender 
was four-wheeled, and similar in shape to a waggon,— 
the foremost part holding the fuel, and the hind part a 
water-cask. 

When the “Rocket” was finishod, it was placed upon 
the Killingworth railway for tho purposo uf exporiment. 
The new boiler arrangement was found porfectly successful, 
The steam was raised rapidly and continuously, and in a 
quantity ey then appearcd marvell6us, ‘I'he samo 

Robert despatched a letter to his father at Liver- 

pool, informing him, to hix great joy, that the “Rovkot™ 

was “all right,” and would be in completo working tyim 

by the day of trial. ‘Tho ongine was shortly after vent 
by waggon to Carlisle, and thenco shipped for Liverpool. 

The time so much longed for by Cicorge Stephenson 
had now arrived, when the merit of the passenger loco- 
motive was to be put to @ public test. He had fought 
tho battle for it until now almost single-handed. En- 
grossed by his daily labours and anxieties, and harassed 
‘by difficulties and discouragements which would hava 
crushed the spirit *of a less resolute man, he had held 
firmly to his purpose through good and through evil 
report. «The hostility which he experienced from some 
of the directors opposed to the adoption of the locomo 
tive, was the circumstance that caused him the greatest 
grief of all; for where he had looked for encouragement, 
he found only carping and opposition, But his pluck 
sever failed him; and now the “Rocket” was upon the 
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gTound,—to prove, to use his own words, “whether he 
was a man of his word or not.” 

Great interest was felt at Liverpool, us well as threugh- 
out the country, in the approaching competition. En 
gineors, scientific men, and mechanics, arrived from al] 
qnarters to witness the nuvel display of :echanical in- 
genuity on which such great results depended. The public 
gencrally were no indilierent spectatory cither. The in- 
habitants of Liverpool, Manchester, and the adjacent towns 
felt that the successful issue of the experiment would 
confer upon them individual lwnefity and local advantages 
almost incalculable, whilet poymlutions at a distance waited 
for tho result with almost equal interest. 

On the day appointed for thu gicat eumpetition of loco 
motives at Rainhill, the following engines were entered for 
the prize :—- 

1. Mosers. Brgithwaite and Ericsson's * “ Novelty.” 

2. Mr, Timothy Hackworth's * Sanspareil.” « 

8. Mossrs. It. Stephenson and ('o.'s “ Rocket.” 

4. Mr. Burstall’s “ Porseworance,” 


Another onyine was entered by Mr. Brandreth of Liver- 
pool—the “ Cycluped,” weighing 3 tons, worked by a horse 
in a frame, but it could not be admitted to the competi- 
tion. The above were the only four cahibited, out of a 
considerable number of engines constructed in different 
parts of the country in anticipation of this contest, many of 
which quuld not be satisfactorily completed by the day 
of trial. 

The grojnd on which the engines were to be tried was 
a level piece of railroad, about two miles in length. Each 
was required to make twenty trips, or equal to acjourney 





* The inventor of this engine loric Engine has po far 8 
was a Swede, who afterwards pro- failure, but his iron cupola vessel, 
ceoded to the United States, and the “Monitor,” must be admitted 
there eclieved considerable die to have been 6 romurkebls succom 
tinetion as an engineer. His Us in its way 
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of 70 miles, in the conrsc of the day ; and the averngo rate 
of travelling was to be not under 10 miles an hour, It 
was determined that, te aveid confusion, each engine should 
be tried separutely, and on different Says. 

Tho day fixed for the competition was the 1st of October, 
but to allow sufficient time to get the locomotives into goud 
working order, the direutuis eatended it to the 6th. Cn the 
morning of the (th, the gionnd at Taiuhill preonted a 
lively appearance, and there way asameh excitement aa if 
the St Leger were about to be rum, Many thonsand 
spectators tovked on, amongst whom were some of the first 
engineers and mechanicians of the duy. A stand was 
provided for the ladics; the “Ixauty and fashion” of the 
neighbourhood were present, and the side of the raiload 
was lined with carriages of all descriptions. 








Locomoune competion at Raintall, 


It was quite charactoristic of the Stephensons, thut, 
although their engine did not stand first on the list for trial, 
it was the first that was ready; and it was accordingly 
ordered out by the judges for an oxperimental trip. Yet 
the “Rocket” was by no means “ the favourite” with either 
fhe judges or the spectators. A majority of the judges waa 
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strongly predisposed in favoar of the “ Novelty,” and nine- 
tenths of those present were against the “ Rocket” because 
of ita appearance. Nearly every persun favoured some other 
engine, so that there Wus nothing for the “ Rocket” but the 
practical test. ‘ho first trip which it made was quite 
sucocseful. It ran about 12 miles, without interruption, in 
about 53 minutes. 

Tho “Novelty” was next called out. «It was a light 
engine, very compact in appearance, carrying the water 
and fuel npon tho sumo wheuls us the engine. The weight 
of tho whole was only 3 tons and 1 hundredweight, A 
peculiarity of this engino was that the air was driven or 
forced through the fire by means of bellows. The day being 
how fur advanced, and some dispute having ariven as to the 
method of assigning the proper load for the “ Novelty,” no 
particular oxporiment was made, further than that the 
engine traversed the line by way of exhibition, occasionally 
moving at the rate‘of 24 miles an hour. The “ Sgnspareil,” 
constructed by Mr. Timothy Hackworth, was next ex- 
hibited ; but no particular experiment was made with :t on 
this day. 

‘The contest was postponed until thé following day, but 
before the judges arrived on the ground, the bellows for 
creating the blast in the “ Novelty” gave way, and it was 
found incapable of going through its performance. A defect 
was also detected in the boiler of the “Sanspareil ;” and 
some further time was allowed to get it repaired. ‘The 
large number of spectaturs who had assembled to witness 
the ountest were greatly disappointed at this postponement ; 
but, 10 lessorit, Stephenson again broughfont the “ Rocket,” 
and, attaching to it a coach containing thirty persons, he ran 
them along the line at the rate of from 24 to 30 miles an 
hour, much to their gratification and amazement. Before 
separating, the judges ordered the engine to be in readiness 
by eight o'clock on the following morning, to go through ita 
definitive trial according to the prescribed conditions. 

On the morning of the 8th October, the “Rocket wag 
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again ready for the contest. The engine was takon to the 
extremity of the stage, the fire-box was filled with coke, the 
fire lighted, and the steam raised until it lifted the safety- 
‘valve loaded to a pressure of 50 pounds to the square inch. 
This proceeding occupied fifty-seven minutes. ‘the engine 
then started on its journcy, dragging after it about 13 tons 
weight in waggous, and made tho first ten trips backwarda 
and forwards atong the two miles of ruad, running the 85 
miles, including stoppages, in one hour and 48 minutes. 
The second ton trips were in like manner performed in 2 
hours and 3 minutesy. The maximun velucity uttainod 
during tho trial trip was 29 milos an honr, or abont three 
times the speed that one of the judges of the competition 
had declared to bo the limit of possibility. ‘The average 
speed at which tho wholv of tho journcys wero performed 
was 15 miles an hour, or 5 miles beyond the rate specified 
in the conditions published by tho Company. ‘The ontire 
performance excited the greatest astoniehmest amongst the 
assembled spectators ; the directors fult confident that their 
enterprise was now on the eve of success; and Cicorge 
Stephenson rejoiced to think that in spito of all» falie 
prophets and fickle Counsellors, the locomotive syxtem was 
now safe. When the “ Rocket,” having performed all the 
conditions of the contest, arrived at the “grand stand” at 
the clowe of its day’s successful ran, Mr. Cropper—one of the 
directors favourable to the fixed-engine system—lifted up 
his hande, and oxclaimed, “ Now has George Stephenson at 
last delivered himself!” 

Neither the “Novelty” nor the “Sansparcil ” was roady 
for trial until the 10th, on the morning of which day an 
advertisement appeared, stating that the former engine was 
to be tried on that day, when it would perform more work 
than any engine upon the ground. The weight of tho car- 
rieges attached to it was only about 7 tons. The engine 

the first post in good style; but in returning, 
the pipe from the foremg-pump burst end put an end to the 
rial The pipe was afterwards repaired, and the engine 


218 FAILURE OF THE OTHER ENGINES. Cmar. XL 


made several trips by itaclf, m which it was said to have 
gone at the rate of from 24 to 23 miles an hour. 

The “Sanspareil” was not ready until the 13th; and 
when its boiler aud tender were filled with water, it was 
found to weigh 4 ewt. beyond the weight specified in the 
published conditions as the limit of four-wheeled engines; 
nevertheless the judges allowed it to run on the same foot- 
ing as the other engines, to enable them to ascertain 
whether ita merits entitled it to favourable consideration. 
It travelled at the average specd of about 14 miles an hour, 
with its load attached; but at the cighth trip the cold- 
water pump got wrong, and the engine could proceed no 
farther. 

It waa determined to award the premium to the success- 
fal engine on the fillowing day, the 14th, on which 
occasion there was an unusual axscmblugo of spectators. 
The owners of the “ Novelty” pleaded fur another trial; 
and it was conooftd But aguin it broke duwn, The 
owner of tho “Sunaparcil” also requested the opportunity 
for making another trial of hisengine. Wut the judges had 
now hud onongh of failures; and they declined, on the 
ground that not only was tho engine hove the stipulated 
weight, but that it was constructed on a plan which they 
could not recommend fur aduption by the dircoturs of the 
Company. One of the principal practical objections to thia 
locomotive was the enormous quantity of coke consumed or 
wasted by it—about 692 Ibs per hour when travelling— 
caused by the sharpness of the stcam-blust in the chimney, 
which blew a large proportion of the burning coke into 
the air. : 

The “Perseverance” wus found unable to move at more 
than five or six miles an hour; and it was withdraw? from 
the contest at an carly period. The “Hocket” was thus 
the only engino that had performed, and more than per- 
formed, all the stipulated conditions; and its owners were 
declared to be fally entitled to the prize of 5002, which 
was awarded to the Messre. Stephenson and Booth accord., 
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ingly. And further, to show that the engine had been 
working quite within ita powers. Mr. Stephenson ordered it 
to be bronght upon the ground and detached from all in- 
eumbrances, when, in making two trips, it was found to 
travel at the astonixhing rate of 35 miles an honr. 

The “Rocket” had thus eclipsed the performances of all 
locomotive engines that had yet been constructed, and out- 
stripped even the singnine expectations of ite constructors. 
Tt natinfucturily answered the report of Mesa Walker and 
Rastrick; and established the efliciency of the locomotive 
for working the Liverpool and Manchester Railway, and 
indeed all future railways. The “Kocket” showed that a 
new power had been burn inte the world, full of activity 
and strength, with boundless capability of work, Jt wax the 
simple but admirible contrivance of the steum-blast, and ita 
combination with the multitubular boiler, that at onev gave 
the locomotive a vigorous life, and wecnred the triumph of 
the railway syxtem® Jt hus been wolf observed, that this 
wonderful ability to increase and multiply its powers of 
perfurmance with the emergency that demands them, has 
made this gient engine the noblest crention of hina wit, 
the very lion among machines, The success of the Rain- 
hill experiment, as judged by the public, may be inferred 
from the fact that the sbares of the Company immediately 
row ten per cent., and nothing more was heard of the 
proposed twenty-one fixed cngines, engine-houses, ropes, dc. 
All this cumborsome apparatus was thencefurward effeo- 
tually disposed of. 

Very different now was the tone of those dirsctora who 
had distinguished themselves by the persistency of thoir 
opposition to Mr. Stephenson's plans. Coolnoss gave way 
to eulogy, and hostility to unbounded offers of friendship— 
after the manner of many men who run to the help of the 
strong. Deeply though the engineer had falt aggrieved by 








*4She Rocket” is now to be Kensington, where it is carefully 
geen at the Muscumr of Patents at preserred. 
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the conduct pursued towards him during this eventful 
struggle, by somo from whom forbearance was to have been 
expected, he never entcrtaincd towards them in after life 
any angry feclings; on tho contrary, he forgave all. But 
though the directors afterwards passed unanimous resolu- 
tions culogising “tho gicat skill and unwearied energy” of 
their engincer, he himself, when speaking confidentially to 
thoee with whom ho was must intimate, sould not help 
pointing out the difference between his “foul-weather and 
fair-wouthor friends.” Mr. Gooch says of him that thongh 
naturally most cheerful and kind-hearted in his disposition, 
the ansicty and preasnre which weighed upon his mind 
during the construction of the railway, had the effect of 
making him pocasionally impatient and irritable, like a 
spirited horse touched by tho spur; thuugh his original 
goodnature from time to timo shone through it all. When 
tho lino had been bronght to a successful completion, very 
marked chango in him became visible. ho irritability 
passed away, and when difficulties and vexations arose they * 
wore treated by Jtim us matters of course, and with perfect 
compofure and cheerfulness, 
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CHAPTER XIL 


Ovsnma or tre Liverroon axp Maxcunerzr Raziw.r, 
asp Extesmon or tae Raway Syermx. 


Tne directors of the Railway now began to see daylight; 
and they derived encouragement from tho skilful manner in 
which their engincer had overcome tho principal difficulties 
of the undertaking. Te had formed a solid road over Chat 
Moss, and thus achieved one “impossibility ;” and he hud 
constructed a locomotive that could run at a specd of 30 
miles an hour, thus vanquishing a still more fonnidable 
difficulty. 

A single lino of way waa completed “iver Chat Moss by 
the Ist of Jannary, 1830; and on that day, the “Rocket” 
with a cnrriage full of directors, enzinecrs, and their friends, 
paxsed along the greater part of the road between Liver. 
pool and Manchestet. Mr. Stephenson continw:1 to direct 
his close attention to the improvement of the details of the 
locumotive, every sucocsuive trial of which proved more 
satisfactory. In this department he had the benofit of 
the able and unremitting assistanco of his son, who, in the 
workshops at Newcastle, directly superintended the oon- 
struction of tho new engines required for the public work- 
ing of the railway. Ho did not by any means rest satisfied 
with the success, decided though it was, which had been 
achieved by the “ Rocket.” He regarded it but in the light 
of a sucebssful experiment; and every succeeding engine 
placed upon the railway exhibited some improvement on ita 
predecessors. The arrangement of the parts, and the weight 
and proportions of the enginos, were altercd, as the expe- 
Tience of each successive dey, or week, or month, suggested ; 
and it was soon found that the performances of the 


222 THE RAILROAD COMPLETED. Cuae, XH, 


“ Rocket” on the day of trial had been greatly within the 
powers af the locomotive. 

The first entire trip between Liverpool and Manchester 
was perfurined on the 14th of June, 1830, on the occasion 
of a Board mecting being held at the latter town. The train 
‘was on thig occasion drawn by the “ Arrow,” one of the 
new locomotives, in which the most recent improvementa 
had Leon adopted. Mr. Stephenson himself drove the 
engino, and Captain Scoresby, tho ciroumpolar navigator, 
stood boxide him on the foot-plate, and minuted the speed 
of the train. A groat concourse of people assembled at both 
termini, as well as along tho line, to witness tho novel 
spectacle of a train of carriages drugged by an engine at 
spood of 17 miles an hour. On the return journey to Liver- 
pool in the evening, the “Arrow” crosscd Chat Moss at a 
speed of nearly 27 miles an hour, reaching its destination 
in about an hour and a half. 

In the mean timé Mr. Stephonson and his assistanta were 
diligontly ocoupied in’ making tho necessary pi preliminary 
arrangements for the canduct of of the traffic against the time 
when. the lino should bo ready for opening. The experi- 
ments made with the object of carryiag on the passenger 
traffic at quick velocities were of an especially harassing 
nd enxions character. Every week, for nearly three 
months bofore the opening, trial trips were made to 
Nowton and back, generally with two or three trains fol- 
lowing cach other, and carrying altogether from 200 to 300 
persons. These trips were usually made on Saturday after 
neons, when the works could be more conveniently stopped 
and the lino oleared. In these experiments Mr. Stephenson 
had the able assistance of Mr. Henry Booth, the secretary 
of the Company, who contrived many of the arrangements 
in the rolling stock, not the least valuablo of which was his 
invention of the coupling screw, still in use on all passenger 
railways. 

‘At length the Line was finished, and ready for the public 
ceremony of the opening, which took place on the 15th 
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September, 1830, and attracted a vast number of spectatora 
The completion of the railway was jnstly regarded as an 
important national event, and the opening was ceichrated 
accordingly. The Duke of Wellingtub, then Primo Minister, 
Sir Robert Peel, and Mr. Huskison, ono of the membora 
for Liverpool, wero among the number of distinguished 
public personages present. 

Eight lecometive ongines, constructed at the Stephonson 
works, had heen delivered and placed upon tho line, the 
whole of which had been tried and texted weeks before, 
with perfect success, The several trains of carriages accom: 
modated in all abont six hundred persens. Tho procession 
was cheered in its progress by thousands of spectatorr— 
through the deep ravino of Olive Mount; up the Sutton 
incline; over tho great Senkcy viaduct, beneath which a 
great multitude of persons had aeeembled,—oarriages filling 
the narrow lanca, and burges crowding tho rivor; tho people 
below gazing with wondcr and admifition at the trains 
which «ped along tho linc, far above their beads, at tho 
rate of some 24 miles an Lou. 

At Parkside, about 17 miles from Liverpool, the engines 
stopped tu take in water. Herv a deplorable accidunt oo- 
surred to ono of the illustrions visitors, which threw a decp 
shadow over the subsequent proceedings of tho day. The 
“ Northumbrian” engino, with {lo carringo contuining the 
Dake of Wellington, was drawn up on one line, in order 
that the whole of the trains on the other line might pass in 
review before him and his party. Mr. Iluskimion had 
alighted from the carriage, an_wax standing on tho oppo- 
site road, along which thu “ Rocket” was obmerved rapidly 
coming up. At this moment the Duke of Wellington, 
betwéen whom and Mr. Huskisson coolness had ex- 
isted, made @ sign of recognition, and held out his hand. 
A hurried Lut friendly grasp was given; and before it was 
loosened there was a general cry from the bystanders of 
“Gof in, get in!” Flurried and confused, Mr. Huskiason 
@mdeavoured to get round the open door of the carriage, 
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which projected over the opposite rail; but in so doing he 
was struck down by the “ Rocket,” and falling with his leg 
doubled across the rail, the limb was instantly crashed 
His first words, on béing raised, were, “I have met my 
death,” which unhappily proved truco, for he expired that 
game evening in the parsonage of Eccles. It was cited at 
the time as a remarkable fact, that tho “Northumbrian” 
engine, driven by Georgo Stephenson himself, conveyed the 
wounded body of the unfortunate gentleman a distance of 
about 15 miles in 25 minutes, or at the rate of 36 miles an 
hour. This incredible speed burst upon the world with 
the effect of a now and unlovked-for phonomenon. 

The accident threw a gloom over tho rest of the day's 
proceedings. The Duke of Wellington and Sir Robert Peal 
expressed a wish that the procession should return to Liver- 
pool, It was, however, represented to them that a vast 
concourse of people had assembled at Manchoster to witness 
the arrival of tho thins; that report would exaggerate the 
misohief, if they did nét complete the journey; and that a 
false panic on that day might gvriously affect future railway 
travelling and the value of the Company's property. The 
party consented accordingly to procved to Manchester, but, 
on the understanding that they should retarn aa soon 98 
possiblo, and refrain from further festivity. 

As the trains approached Manchester, crowds of people 
wore fuund covering the banks, the slupes of the cuttings, 
and even the railway itself. ‘Tho multitude, become im- 
pationt and excited by the rumours which reached them, had 
outflanked the military, and all order was at an end. Tho 
people clambered about the carriages, bblding on by the 
door-handles, end many were tumbled over; but, happily, 
no fatal accident occurred. At the Manchester station, the 
political element began to display itself; placards about 
* Peterloo,” &o., were exhibited, and brickbats were thrown 
at the carriage containing the Duke. On the carriages 
coming toa stand in the Manchester station the Duke did 
pot descend, but remained seated, shaking hands with the, 
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‘women and children who were pushed forward by the 
crowd. Shortly after, the trains returned to Liverpool, 
which they reached, after considerable interruptions, in the 
dark, at a late hour. 

Qn the following morning the railway was opened for 
public traffic. The first train of 140 passengera was 
and sent on to Manchester, reaching it in the allotted period 
of two hours; apd from that time the traffic has regularly 
proceeded from day to day until now. 

It is scarcely necessary that we should speak at any 
length of the commercial results of the Liverpool and Man- 
chester Railway. Suffice it to say that its sucocss was 
complete and decisive. Tho anticipations of its projectors 
‘were, however, in many respects at fault. Thoy had based 
their calculations almost entirely on tho heavy merchandise 
traffic—such aa coal, cotton, and timber,—relying little 
upon passengers; whercas the receipts derived frum the 
conveyance of passengers far exooeded tMose derivwl from 
merchandise of all kinds, which, for a time continued a sub- 
ordinate branch of the traffic. 

For somo time after the public opening of the line,Mr, 
Stephenson's ingenuity continued to bo employed in devising 
improved methods for seonring the safoty and comfort of 
the travelling public. Few are aware of the thousand 
minute details which havo to be arranged—the forethought 
and contrivance that have to be exercised—to enablo the 
traveller by railway to accomplish his journey in safoty. 
After the difficultics of constructing a level road over bogs, 
sores valleys, and through deep cuttings, have been over- 
come, the maintenante of the way has to be provided for with 
continuous care. Every rail with its fastenings must be com- 
plote, to.prevent risk of accident; and the road must be kept 
regularly ballasted up to the level, to diminish the julting 
of vehicles passing over it at high epeeds. Then the stations 
must be protected by signals observable from such a dis 
tance as to enable the train to be stopped in event of an 
obstacle? such aa a stopping or shunting train being in the 
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way. For some years the signals employed on the Liver. 
pool railway were entirely given by men with flags of dif- 
ferent colours stationed along the line; there were no fixed 
signals, nor electric telegraphs; but the traffic waa never- 
theless worked quite as safely as under the more elaborate 
ahd complicated system of telegraphing which has since 
‘been established. 

From an early period it became obvious that the iron road 
as originally laid down was far too weak for the heavy 
traffin which it had to carry. Tho Hine was at first laid 
with fich-bellied rails weighing thirty-five pounds to the 
yard, calenlated only for horse-traffic, or, at most, for engines 
like the “ Rocket,” of very light weight. But as the power 
and the weight of the locomotives were increased, it was 
found that such rails were quite insufficient for the safe 
conduct of the traffic, and it therefore became necessary to 
relay the road with heavier and stronger rails at consider. 
ably increased 

“Tho details of the“sarrying stock bad in like manner to 
‘be settled by experience. Hyerything had, as it were, to be 
begun from the beginning. The coal-waggon, it is trae, 
served in some degree as a model for the railway-truck ; bat 
the railway passenger-carriage was an entirely novel 
structure. It had to be mounted upon strong framing, of a 
pecaliar kind, supported on springs to prevent jolting. 
‘Then there was the necessity for contriving some method of 
preventing hard bumping of the carrisge-ends when the 
train waa pulled up; and hence the contrivance of buffer- 
springs and spring frames. For tho purpose of stopping the 
train, brakes on an improved plan ‘rare also contrived, 
with new modes of lubricating the carriage-arles, on which 
the wheels revolved at an unusually high velocity. In all 
these arrangements, Mr. Stephenson’s inventiveness was kept 
constantly on the stretch; and though many improvements 
in detail have been effected since his time, the foundations 
‘were then Jaid by him of the present system of conduct- 


Cuaz, XIL THE OARBYING STOCK. 227 


which he displayed in providing for the working 
of the Liverpool line, we may mention his contrivance of the 
Self-acting Brake. He early entertained the idea that the 
momentum of the running train might iteelf be made 
available for the purpose of checking ita speed. He proposed 
to fit each carriage with a brake which chould be called 
into action immediately on the locomotive at the head of the 
train being pulled up. The impetus of the carriages carry- 
ing them forward, the bnifer-springs would be driven home, 
and, at the same time, by a simple arrangement of the 
mechanism, the brakes would be called into simultaneous 
action; thus the wheels would be brought into a state of 
sledge, and the train speedily stopped. This plan waa 
adopted by Mr. Stephenson before he left the Liverpool 
and Manchester Railway, though it was afterwards discon- 
tinued ; but it is a remarkable fact, that this identical plan, 
with the addition of a centrifugal a paadonl 
recently been revived by M. Guérin, a F engineer, and 
extensively employed on foreign railways, as the best 
method of stopping railway trains in the most efficient 
manner and in the shortest time. 

Finally, Mr. Stephehson had toattend to the improvement 
of the power and speed of the looomotive—elways the grand 
object of his study,—with a view to economy as well ag 
regularity of working, In the “Planet” engine, delivered 
‘upon the line immediately subsequent to the public opening, 
all the improvements which had up to that time been 
contrived by him and his son were introduced in combina- 
tion—the blast-pipg, the tubular boiler, horizontal cylinders 
inside the amoke- the cranked axle, and*the fire-box 
firmly fixed to the boiler. The first load of goods conveyed 
from Liverpool to Manchester by the “ Planet” was 80 tons 
in weight, and the engine performed the journey aguinst a 
strong head wind in 24 houra. On another occasion, the 
same engine brought up a cargo of voters from Manchester 
to Livprpool, during « contested election, within a space of 
ajxty minutes! ho. Bannon, delivered tn the #ollowing 
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year, exhibited still further improvements, the most impor- 
tant of which was that of coupling the fore and hind wheels 
of the engine. By this means, the adhesion of the wheela 
on the rails was more effectually secured, and thus the full 
hauling power of the locomotive was made available. The 
* Samson,” shortly after it was placed upon the line, dragged 
after it a train of waggons weighing 150 tons at a speed of 
about 20 miles an hour; the consumption of coke being 
reduced to only about s third of a pound per ton per 
milo. 

The success of the Liverpool and Manchester experiment 
naturally excited great interest. People flocked to Lanca- 
shire from all quarters to see the steam-coach running upon 
a railway at three times the speed of a mailcoach, and to 
enjoy the excitement of actually travelling in the wake of 
an engine at that incredible velocity. The travellers re- 
turned to their rpspective districts full of the wonders of 
the locomotive, considering it to be the greatzst marvel 
of the age. Bailways are familiar enough objects now, and 

our children who grow up itt their midst may think little 
of thtm ; but thirty years since it wag an event in one’s life 
w see & locomotive, and to travel for the first time upon 4 
public railroad. 

PiiThe practicability of railway loeomotion being now proved, 
and its great social and commercial advantages ascertainod, 
the general extension of the system was merely a question 
of time, money, and labour. Although the legislature took 
no initiative step in the direction of railway extension, the 
publio spirit and enterprise of the country did not fail it at 
this juncture. The English people, though they may be 
defective in their capacity for organization, are strong in 
individualism ; and not improbably their admirable qualities 
in the latter respect detract fram their efficiency in the 
former. Thus, in all times, their greatest enterprises have 
net been planned by officialiem and carried out upon any 
regular system, but bave sprang, like their constitution, 
their laws, and their entire industrial arrangements, from 
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the force of ciroumstances and the individual energies of 
the 

Tho mode of action in the case of railway extension, was 
characteristic and national. The exechtion of the new lines 
was undertaken entirely by joint-stock associations of 
proprietors, after the manner of the Stockton and Darling- 
ton, and Liverpool and Manchester companies. These 
associations are aonformable to our national habits, and fit 
‘well into our system of laws, They combine the power of 
vast resources with individual watchfulness and motives of 
self-interest; and by their means gigantic undertakings, 
which otherwise would be impossible to any but kings and 
emperors with great national resources at command, were 
carried out by the co-operation of private persons. And 
the results of this combination of means and of enterprise 
have been truly marvellous. Within the life of the present 
generation, the Private citizens of England engaged in 
railway extgnsion have, in the face of Govtrnment obstruct- 
tions, and without taking a penny frtm the public purse, 
executed a system of commouyications involving worka of 
the most gigantio kind, which, in their total mass, their 
cost, and their public* utility, far exceed the most famous 
national undertakings of any age or country. 

Mr, Stephenson was of course, actively engaged in the 
construction of the numerous railways now projected by the 
joint-stock companies. The desire for railway extension 
principally pervaded the manufacturing districts, especially 
after the successful opening of the Liverpool and Manchester 
line. The commercial classes of the larger towns soon be- 
came eager for a pafticipation in the good whieh they had 
so recently derided. Hailway projects were set on foot in 
great numbers, and Manchester became a centre from which 
main lines and branches were started in all directions. The 
interest, however, which attaches to these later schemes is 
of a much Jess absorbing kind than that which belongs to 
the earlisr history of the railway and the steps by which it 
wpe mainly established. We naturally sympathise more 
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keenly with the early struggles of « great principle, its 
trials and its difficulties, than with its after stages of suc- 
cess ; and, however gratified and astonished we may be at 
ite consequences, thé interest is in a great measure gone 
when ite triumph has become a matter of certainty. 

The commercial resulta of the Liverpool and Manchester 
line were so satisfactory, and indeed so greatly exceeded 
the expectations of its projectors, that meny of the aban- 
doned projects of the speculative year 1825 were forthwith 
revived. An abundant crop of engineers sprang up, ready 
to execute railways of any extent. Now that the Liverpool 
and Manchester line had been made, and the practicability 
of working it by locomotive power had been proved, it was 
as oasy for engineers to make railways and to work them, 
as it was for navigators to find America after Columbus had 
made the first voyage. Mr. Francis Giles attached himself 
to the Newoastle and Carlisle and London and Southampton 
projects. Mr. BYunel appeared as engineer of the line pro- 
jected between London and Bristol; and Mr. Braithwaite, 
the builder of the “Novelty” engine, acted in the same 
capacity for a railway from London to Colchester. 

The first lines constructed subseqhent to the opening of 
the Liverpool and Manchester Railway, were mostly in con- 
nevtion with it, and principally in the county of Lancaster. 
Thos a branch was formed from Bolton to Leigh, and ano- 
ther from Leigh to Kenyon, where it formed a junction 
with the main line between Liverpool and Manchester. 
Branches to Wigan on the north, and to Runcorn Gap and 
Warrington on the south of the same line, were also formed. 
A continuation of the latter, as far south as Birmingham, 
was shortly after projected under the name of the Grand 
Junction Eailway. 

The last mentioned line was projected as early as the 
year 1824, whan the Liverpool and Manchester echeme was 
under discussion, and Mr. Stephenson then published a 
report on the subject. The plans were deposited, bat the 
bill was thrown out through the opposition of the: owners 


‘Omar. XI. OPPOSITION TG RAILWAYS, 332 


and canal proprietors. When engaged in making the sur- 
vey, Stephenson called upon some of the landowners in 
the neighbourhood of Nantwich to obtain their assent, and 
wan greatly disgusted to learn that the agents of the 
canal companies had been before him, and described the 
Jooomotive to the farmers as a most frightful machine, emit- 
ting a breath as poisonous as the fabled dragon of old; and 
telling them that if a bird flew over the district where one 
of these engines passed, it would inevitably drop down 
dead! The application for the bill was renewed in 1826, 
and again failed; and at length it was determined to wait 
the iseue of the Liverpool and Manchester experiment. The 
act was eventually obtained in 18:33. 

When it was proposed to extend the advantages of rail- 
ways to the population of the midland and southern coun- 
ties of England, on immense amount of alarm was created 
in tho minds of the country gentlemen. They did not 
relish the ddea of private individuals, pritcipally resident in 
the manufacturing districts, invading their domains; and 
they everywhere rose up in armsagainst the “new- 
roady.” Colonel Sibthorpe openly declared hia hatted of 
the “infernal railroads,” and said that be “would rather 
meet a highwayman, or see « burglar on bis premises, than 
an engineer!” The impression which prevailed in the 
roral districts was, that fox-covers snd game-preserves 
would be seriously prejudiced by the formation of railroads ; 
that agricultural communications would be destroyed, land 
thrown out of cultivation, landowners and farmers re- 
duced to beggary, the poor-rates increased through the 
number of persons thrown out of employihent by the 
railways—and all this in order that Liverpool, Man- 
chestef, and Birmingham shopkeepers and manufacturers 
tight establich a monstrous monopoly in railway traffic. 

The inhabitants of even some of the large towns were 
thrown into a state of consternation by the proposal to pro- 
vide {ham with the accommodation of a railway. The jine 
fgom London to Birmingham would naturally have passed 
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lose to the handsome town of Northampton, and waa so 
projected; but the inhabitants of the shire, urged on by 
the local press, and excited by men of influence and educa- 
tion, opposed the project, and succeeded in forving the pro- 
moters, in their survey of the line, to pass the town at a 
distance. When the first railway through Kent was 
projected, the line was laid out so as to pass by Maid- 
stone, the county town. But it had not a single supporter 
amongst the townspeople, whilst the landowners for many 
miles round combined to oppose it. In like manner, the 
lino projected from London to Bristol was strongly de- 
nounced by the inhabitants of the intermediate districts; 
and when the first bill was thrown out, Eton assembled 
under the presidency of the Marquis of Chandos to con- 
gratulate the country upon its defeat. 

During the time that the works of the Liverpoot and 
Manchester line were in progress, our engineer was oon- 
sulted respecting ¢short railway proposed to be formed be- 
tween Leicester and Swannington, for the purpose of open- 
ing up & communication between the town of Leicester and 
the otal-fields in the western part of the county. The pro- 
jector of this undertaking had some difficulty in getting the 
requisite capital subscribed for, the Leicester townspeople 
who had money being for the most part interested in 
canals. George Stephenson was invited to come upon the 
ground and survey the line. He did so, and then the 
projector told him of the difficulty ho had in finding sub- 
soribera to the concern. “Give me a sheet,” said Stephen- 

son, “and I will raise the money for You in Liverpool.” 
"Tho engineot was as good as his word, and in a short time 
the sheet was returned with the subscription complete, Mr. 
Stephenson was then asked to undertake the office of en- 
gineer for the line, but his answer was that he had thirty 
tiles of railway in hand, which were enough for any en- 
gineer to attend to properly. ai hg ot et ee 
eould recommend? “Well,” said he, “I think 
Robert is competent to undertake the thing.” Would My 
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Stephenson be answerable for hm? “Oh, yes, certainly” 
And Robert Stephenson, at twenty seven years of age, was 
installed engineer of the line accordingly 
The requmte Parhamentary powers havmg been ob- 
tained, Robert Stephenson proceeded with the construction 
of tho railway, about 16 miles m length, towards the end 
of 1830 Tho works were comparatively casy, excepting at 
the Leicester end, where the young engimeer encountered 
lus first stiff Int of tunnelling ‘Lhe lino passed under- 
ground for 1? mule, and 500 yards of its course lay m 
loose dry running sand ‘Lhe presence of this materi] ren- 
dered 1f necessary for the engimer hhret to construct a 
wooden tunnel to support the sv1l while the brickwork was 
being executed This proved sufficient, and the whole was 
brought to a successful termi- 
nation within a reasonable 
tame Whele the works were 
xo progress, Robert kopt up 
@ regular correspondence with 
tus father at Liverpool, con- 
sulting him on all points in 
which his greater experience 
was hkely to be of service. 
Lake hi father, Robert was 
that — the very observant, and always 
estate of ready to seize opportumty by 
Bnibston, the forelock It happened 
near Ash 
by-de Ia- v 
Zouch, was i 
advertised 
for sale, 
and the “ “sf 
young en- 
guneer’s ex- 
periencé as 
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& coal-viewer and practical geologist suggested to his mind 
that coal was most probably to be found underneath. He 
communicated his views to his father on the subject, The 
estate lay in the immediate neighbourhood of the railway ; 
and if the conjecture proved correct, the finding of coal 
‘would necessarily greatly enhance its value. He acoord- 
ingly requested his father to come over to Snibston and 
look at tho property, which he did; and sfter a careful in- 
spection of the ground, he arrived at the same conclusion 
as his son. 

Tho large manufacturing town of Leioester, about four- 
teen miles distant, had up to that time been exclusively 
supplied with coal brought by canal from Derbyshire; and 
Mr. Stephenson saw that the railway under construction 
from Swannington 1o Leicester, would furnish him with a 
ready market for any coals which he might find at Snib- 
ston, ac uar par eh cane atria wad fe 
him in the venture, the Snibeton estate was 
1881: and shortly after, Stephenson removed his home 
from Liverpool to Alton Grange, for the purpose of super- 
interfling tho sinking of the pit. He travelled thither by 
gig with his wife,—his favourite hor’e “Bobby” perform- 
ing the journey by easy stages. 

Sinking operations were immediately begun, and pro- 
ceeded satisfactorily until the old enemy, water, burst in 
upon the workmen, and threatened to drown them out. 
But by means of efficient pumping-engines, and the akilfal 
casing of the shaft with segments of cast-irou—a process 
called “ tubbing,”* which Mr. Stephengpn was the first to 
adopt in thd Midland Counties—it was eventually made 
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166 feet had been reached, a still more formidable difficulty 
presented itaelf—one which bad baffled former sinkers in 
the neighbourhood, and deterred them from farther opera- 
tions, This was a remarkable bed of whinstone or green- 
stone, which had originally been poured out as a sheet of 
burning lava over the denuded surface of the ooal measures ; 
indeed it was afterwards found that it had turned to cinders 
one part of the seam of coal with which it had come in 
contact. The appearance of this bed of solid rock was 80 
unusual a circumstance in coal mining, that some expe- 
rienced sinkers urged Stephenson to proceed no further, 

ieving the occurrence of the dyke at that point to be 
altogether fatal to his enterprise. But, with his faith still 
firm in the existence of coal underneath, he fall back on 
his old motto of “Persevere.” Ie determined to go on 
boring; and down through the solid rock he went until, 
twenty-two feet lower, he came upon coal measures, 
In the mean time, however, lest the boring at that point 
should prove unsuccessful, he had commenced sinking 
another pair of shafts about quarter of a mile west of 
the “fault ;” and after about nine months’ labour he re@ched 
the principal seam, callod the “main coal.” 

Tho works were then opened out on a large scale, and 
‘Mr. Stephenson had the pleasure and good fortune to send 
the first train of main coal to Leicester by railway. Tho 
price was immediately reduced to about 88. a ton, effecting 
@ pecuniary saving to the inhabitants of the town of about 
40,0002 per annum, or equivalent to the whole amount then 
collected in Governjnent taxes and looal rates, besides giving 
an impetua to the manufacturing prosperity $f the place, 
which has continued down to the present day. The correct 
principles upon which the mining operationa at Snibston 
were conducted offered a salutary example to the neigh- 
‘pouring colliery owners. The numerous improvements 
theregntroduced were freely exhibited to all, and they were 

reproduced in many fo:ms all over the Midland 
Cpunties, greatly to the advantage of the mining interest 
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Nor was Mr. Stephenson less attentive to the comfort 
and well-being of those immediately dependent upon him 
—the workpeople of the Snbston colliery and thei: families. 
Unlike many of those large employers who have “sprung 
from the ranks,” he was one of the kindest and most in- 
dulgent of masters. He would have a fair day’s work for a 
fair day’s wages; but he never forgot that the employer 
had his duties as well as his rights Furst of all, he attended 
to the proper home accommodation of his workpeople. He 
erected a village of comfortable cottages, each provided 
with a snug little garden. He was also instrumental in 
erecting a church adjacent to the works, as well as Church 
schools for the education of the colliers’ child:en, and with 
that broad catholicity of sentiment which distinguished 
him, he further provided a chapel and a school house for 
the use of the Dissenting portion of the colliers and their 
families—an exareple of benevolent liberahty which was 
not without a salutary influence upon the néighbouring 
employers, . 
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CHAPTER XIIL 
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Bonorenam Ramway. 
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Or the numerous extensive projects which followed close 
‘upon the completion of the Liverpool and Manchester line, 
and the Locomotive triumph at Rainhill, that of a railway 
between London and Birmingham was the most important. 
The scheme originated at the latter place in 1880. Twce 
committees were formed, and two plans were proposed. 
One was of a line to London by way of Oxford, and the 
other by way of Coventry. The simple object of the pro- 
moters of both schemes being to secura the advantages of 
railway communication with the metropolis, they wisely 
determined to combine their strength to secure it, They 
Cam resale tp call Gomes’. Spearn distr aid, saa 
requested him to advise them as to the two schemes whi: 
were before them. After # careful examination of tho 
country, Mr. Stephenson reported in favour of the Coventry 
route, when the Lancashire gentlemen, who were the prin- 
cipal subscribers to the project, having every confidence in 
his judgment, supported his decision, and the line recom- 
mended by him was adopted accordingly. 

At the meeting of the promoters held at Birmingham 
to determine on the appointment of the engiyear for the 
railway, there was a strong party in favour of associating 
with Mr. Stephenson a gentleman with whom he had been 
brought into erious collision in the course of the Liverpool 
and Manche’fe~ undertaking. When the offer was made to 
him that b ‘should be joint engineer with the other, he 
Tequested * save to retire and consider the proposal with his 
20D, "The father was in favour of accepting it. His atroggle 
hegetofore had been so hard, that he could not bear the 
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idea of missing 20 promising an opportunity of professional 
advancement. But the son, foresecing tho jealousice and 
heartburnings which the joint engineership would most 
probably create, recommended his father to decline the oon- 
nection. George adopted the suggestion, and returning to 
the Committee, he announced to them his decision; on 
which the promoters decided to appoint him the engineer 
of the undertaking in conjunction with his gon. 

‘This line, like the Liverpool and Manchester, was very 
strongly opposed, especially by the landowners. Numerous 
pamphlets were published, calling on the public to “ beware 
of the bubbles,” and holding up the promoters of railways to 
ridioule. They were compared to St. John Longand similar 
quacks, and pronounoed fitter for Bedlam than to be left at 
large. The canal proprietors, landowners, and road trustees, 
made common cause against them. The failure of railwaya 
was confidently predicted—indeed, it was elaborately at- 
tempted to be proved, that they had failed; ang it was in- 
dustriously spread abroad that the locomotive engines, having 
‘been found useless and highly dangerous on the Liverpool 
and Manchester line, were immediately to be abandoned in 
favour of horses—a rumour which thé direotors of the Com- 
pany thought it necessary publicly to contradict. 

Public meetings were held in all the counties through 
which the line would pass between London and Birming- 
ham, at which the project was denounced, and strong 
resolutions against it were passed. The attempt was made 
to conciliate the landlords by explanations, but all such 
efforts Proved futile, the owners of negrly seven-eighths of 
the land Veing returned as dissuntienta, “T remember,” 
said Robert Stephenson, describing the opposition, “that 
we called one day on Sir Astley Cooper, the emintnt sur- 
geon, in the hope of overcoming his aversion to the railway, 
He was one of our most inveterate and influential opponents, 
His country house at Berkhampstead waa situated near the 
intended line, which passed through part of his pgoperty. 
We found a courtly, fine-looking old gentleman, of vgry 


Caap, XIfl, OBSTRUCTION OF THE SURVEY. 239 


stately manners, who received us kindly and heard all wo 
had. to say in favour of the project. But he was quite 
inflexible in his opposition to it, No deviation or improve- 
ment that we could suggest had any effect in conciliating 
him, He was opposed to railways generally, and to this in 
particular. ‘Your scheme,’ said he, ‘is preposterous in the 
extreme. It is of so extravagant a character, as to be posi- 
tively absurd. Then look at the recklessness of your pro- 
ceedings! You are proposing to cut up our estates in all 
directions for the purpose of making an unnecessary road. 
Do you think for one moment of the destruction of property 
involved by it? Why, gentlemen, if this sort of thing be 
permitted to go on, you will in a very few years destroy the 
nobleave !’ We left the honourable baronet without having 
produced the slightest effect upon him, excepting perhaps, it 
might be, increased oxasperation against our eheme. 1 
could not help observing to my companions as we left the 
house, ‘ Well, it is really provoking to-ind ono who has 
been made a “Sir” for cutting that wen out of George the 
Fourth's neck, charging us with contemplating the destruc 
tion of the noblesse, because we propose to confer upon, him 
the benefits of a railread.’” 

Such being the opposition of the owners of land, ii waa 
with the greatest difficulty that an accurate survey of the 
line could be made. At one point tho vigilanco of the 
landowners and their servants was euch, that the surveyors 
were effectually prevented taking the levels by the light of 
day; and it was only at length accomplished at night by 
means of dark lanterns. There was one clergyman, who 
made such alarmi:fg demonstrations of his opposition, that 
the extraordinary expedient was resorted to of surveying 
his praperty during the time he was engaged in the pulpit. 
This was managed by having a strong force of surveyors 
in readiness t. commence their operations, who entered the 
elergyman’s grounds on one side the moment they saw him 
fairly off them on the other, By « well-organised and 

tio arrangement each man concluded his allotted 
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task just as the reverend gentleman concluded his sermon ; 
0 that, before he left the church, the deed was done, and 
thy sinners had all decamped. Similar opposition was 
offered at many other points, but ineffeotually. The labo- 
tious application of Robert Stephenson was such, that in 
examining the country to ascertain the best line, he walked 
the whole distance between London and Birmingham 
upwards of twenty times. 

When the bill wont before the Committee of the Commona 
in 1882, a formidable array of evidence was produced, All 
the railway experience of the day was brought to bear in 
support of the measure, and all that interested opposition 
could do was set in motion against it, The necessity for an 
improved mode of communication between London and 
Birmingham was clearly demonstrated ; and the engineering 
evidence was regarded as quite satisfactory. Not a single 
faot was proved against the utility of the measure, and the 
bill passed the Committee, and afterwards the third reading 
in the Commons, by large majorities. 

It was then sent to the Lords, and went into Committee, 
whey « similar mass of testimony was gain gone through. 
But it had been evident, from the-opening of the pro- 
ceedings, that the fate of the bill had been determined 
before even a word of the evidence had been heard. 
At that time the committees were open to all peers; 
and the promoters of the bill found, to their dismay, 
many of the lords who were avowed opponunts of the 
measure a8 landowners, sitting as judges to decide its fate. 
Their principal object seemed to be, to bring the proceedings 
to a termination as quickly as possible. An attempt at 
negociation was indeed made in the course of the proceed- 
ings in committee, but failed, and the bill was thrown out. 

As the result had been foreseen, measures were taken to 
neutralise the effect of this decision as regarded future 
operations. Not less than 32,0001 had been ex in 
preliminary and parliamentary expenses up to this stage 
but the promoters determined not to look back, and forty 
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with made arrangements for prosecuting the bill in the next 
eeasion. Strange to say, the bill then passed both Honses 
silently and elmost without opposition, The mystery was 
afterwards solved by the appearance of a circular issued by 
the directors of the company, in which it was stated, that 
they had opened “negociations” with the most influential 
of their opponenta; that “these measures had been suc- 
cessful to a gregver extent than they had ventured to 
snticipate; and the most active and formidable had been 
conciliated.” An instructive commentary on the mode by 
which these noble lords and influential landed proprietors 
bad been “conciliated,” wax the simple fact that the 
estimate for land was nearly trebled, and that the owners 
were paid about 750,000L for what had been originally 
estimated at 250,0001. 

The landuwners having thus beon “conciliated,” the 
promoters of the measure wee permitted to proceed with 
the formation of their great highway. Htbert Stephensor 
was, with the sanction uf his futher, appointed sole engincer 
and steps were at once taken by him to make the workin; 
survey, to prepare the working diawings, and arrangeefu 
the construction of thet railway. Eighty miles of tho roa: 
wore shortly under contract; having been let within th 
estimates; and the works were in satisfactory progress b; 
tho beginning of 18:4. 

The difficulties encountered in their construction wer 
very great; the most formidable of them originating in th 
character of the works themselves. Extensive tunnels ha: 
to be driven through unknown strata, and miles of unde: 
ground excavation hel to be carried out in ordef to form 
level road from valley to valley, under the intervenin; 
ridges, This kind of work was the newest of all to th 
contmctors of that day. Robert Stephenson’s experience i 
the collieries oi the North rendered him well fitted t 
grapple with such difficulties; yet even he, with all hi 
practical, knowledge, could scarcely have forseen the seriou: 
Obstacles which he was called upon %o encounter in exeoutin, 
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the formidable cuttings, embankments, 
and tunnels of the London and Bir- 
mingham Railway. It would be an 


f' uninteresting, as it would be a fruitless 


task, to attempt to describe the works 
in detail; but @ general outline of 
their extraordinary character and ex- 
tent may not be out of place. 

The longth of railway to be con- 
structed between London and Bir- 
mingham was 1124 miles. The line 
crossed a series of low-lying districts 
separated from cach other by consi- 
derable ridges of hills; and it was the 
object of the engineer to crosa the 
valleys at as high, and tho hills at as 
low, elevations as possible. The high 


JN.ground was therefore cut down and 


the “stuff” led into embankments, in 
some places of great height and extent, 
so as to form,s road upon as level a 
plano as was considered practicable 
for the working of the locomotive en- 
gine. In some places, the high grounds 
were passed in open cuttings, whilst 
in others it was necessary to bore 
through them in tunnels with deep 
cuttings at each end. 

The most fosmidable excavations 
on the line are those at Tring, Den- 
bigh Ball,and Blisworth. TheTring 

ing is an immense chasm across the 
great chalk ridge of Ivinghoe. It ia 24 
miles long, and for t of a mile is 57 feet 
deep. A million and a half cubic yarda 
of chalk and earth were talien out of 
this outting by means of horse-runfand 
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deposited in spoil banks; besides the immense quantity rm 
into the embankment north of the cutting, forming a solid 
mound nearly 6 miles long and about 30 feet high. Pass- 
ing over the Denbigh Tall cutting, and tho Wolverton 
embankment of {4 mile in length across the valley of the 
Ouse, we come to the evcavation at Blisworth, a brief 
description of which will give the reader an idea of one of 
tho most difficult kinds of 1ailway work. 

Tho Blisworth Cutting is one of the longest and deepest 
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grooves cut in the solid earth. It is 14 mile long, in some 

places 65 feet deep, passing through earth, stiff clay, and 

hard rock. Not less than a million cubic yards of these 

materiafs were dug, quarried, and blasted out of it’ One- 

thifd of the cutting was stone, and beneath the stone lay a 
R2 
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thick bed of clay, under which were found beds of loose 
shale so full of water that almost constant pumping was 
necessary at many points to enable the works to proceed. 
For a year and a half the contractor went on fruitlessly 
contending with these difficulties, and at length he was 
compelled to abandon the adventure. The engineer then 
took the works in hand for the Company, and they were 
vigorously proceeded with. Steam-enginea were set to work 
to pump out the water; two locomotivea were put on, one 
at cach end of the cutting, to drag away the excavated rock 
and clay; and 800 men and boys were employed along the 
work, in digging, wheeling, and blasting, besides a large 
number of horses. Somo idea of the extent of the blasting 
operations may be formed from the fact that 25 barrels of 
gunpowder were used weekly; the total quantity exploded 
in forming this one cutting being about 3,000 barrels. Con- 
siderable difficulty was experienced in supporting the bed 
of rock out through, which overlaid the clay and shale along 
each side of the cutting. It was found necessary to hold 
it up by strong retaining walls, to prevent the clay bed 
fror bulging out, and these walls were further supported 
by a strong invert,—that is, an arch placed in an inverted 
position under the road,—thus binding together the walls 
on both sides. Behind the retaining walls, a drift or hori- 
zontal drain was provided to enable the water to run off, 
and occasional openings were left in the walls themselves 
for the same purpose. The work was at length brought to 
a successful completion, but the extraordinary difficulties 
encountered in forming the cutting had the effect of greatly 
increasing the cost of this portion of tHe railway. 

The Tunnels on the line are eight in number, their total 
length being 7836 yards, The first high ground encoun- 
tered was Primrose Hill, where the stiff London clay was 
passed through for a distance of about 1164 yards) The 
clay was close, compact, and dry, more difficult to work 
than stone itself. It was entirely free from water; but the 
absorbing properties of the clay were such that when ox 
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posed to the air it swelled out rapidly. Hence an unusual 
thickness of brick lining was found necessary; and the en- 
gineer afterwards informed the author that for some time 
ho entertained an apprehension lest the pressure should 
force in the brickwork altogether. It was so great that it 
made the fice of the bricks to fly off in minute chipa which 
covered his clothes whilst he wus inspecting the work, ‘The 
materials used ix? the building were, howover, of excellent 
quality ; and the tunnel was happily brought to a completion 
without any accident. 

‘At Watford the chalk ridgo was penetrated by a tunnel 
about 1800 yards long; and at Northchurch, Lindalade, and 
Stowe Hill, thero were other tunnels of minor extent. But 
the chiof difficulty of the undertaking was the execution of 
that under the Kilsby ridge. Though not the largost, this 
is in many respects one of the most interesting works of 
the kind in England. It is about 2409 yards long, and 
runs at an Sverage depth of about 160 fect below the sur- 
face. The ridge under which it extends is of considorable 
extent, the famous battle of ‘Naseby having boen fought 
upon one of the spurs of the same high ground about Seven 
miles to the eastward. 

Previous to the letting of the contract, the character of 
the underground soil was examined by trial-shafts, The 
tests indicated that it consisted of shale of the lower oolite, 
and the works were let accordingly. But they had scarcely 
‘been commenced when it was discovered that, at an inter- 
val between the two trial-shafts which had been sunk, about 
200 yards from theesouth end of the tonnel, {here existed 
an extensive quicksana under a bed of clay 40 feet thick, 
whioh the borings had escaped in the most singular manuer. 
At the bottoia of one of these shafts the excavation and 
building of th. tunnel were proceeding, when the roof at 
one part suddenly gave way, a deluge of water burst in, and 
the party of workmen with the utmost difficulty cecaped 
with tlfeir lives. They were only saved by means of a raft, 
of which they were towed by one of the engineers swim- 
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ming with the rope m bis mouth to the lower end of the 
shaft, out of which they wero safely hfted to the daylight. 
The works were of course at that point immediately stopped. 
The contracto1, who had undertaken the construction of 
tho tunnel, was so overwhelmed by, the calamity, that, 
though he was relieved by the Company fiom hus engage- 
ment, be took to his bed and shortly after died Pumping. 
engines were then erected for the purpose of draining off 
the water, but for a long time xt prevailed, and sometimes 
even rose in the shaft The question then presented itself, 
whether 1m the face of so formidable a difficulty, the works 
ehould be proceeded with or abandoned Robert &tephen- 
son sent over to Alton Grange for lus father, and the fwo 
took serious counsel together. George was in favour of 
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pumping out the water from the top by powerful enginea 
erected over each shaft, until the water was mastered. 
Robert concurred in that view, and although other en- 
gineers pronounced strongly against the practicability of 
the scheme and advised its abandonment, the directors au- 
thorised him to proceed; and powerful steam-engines were 
ordered to be constructed and delivered without loss of time, 

In the meanetime, Rooert suggested to his father the 
expediency of running a drift along the heading from 
the south end of the tunnel, with the view of draining 
off the water in that way. George said he thought it 
would scarcely answer, but that it wes worth a trial, at all 
events until the pumping-enginos were got ready. Hobert 
accordingly gave orders for the drift to be procooded with. 
The excavators were immediately set to work; and they 
were very soon close upon tho sand bed. One day, when 
the engineer, his assistants, and the workmen were clustered 
about the open entrance of the drift-way, they hoard a sudden 
roar ag of distant thunder. It was’ hoped that the water 
had burst in—for all the workmen were out of the drift,— 
and that the sand bed would now drain itself off in amatu- 
ral way. Instead éf which, very little water made ita 
appearance; and on examining the inner end of the drift, 
it was found that the loud noise had been caused by the 
sudden discharge into it of an immense mass of sand, which 
had completely choked up the passage, and prevented the 
water from flowing away. 

The engineer now found that there was nothing for it 
bat to sink numeroys additional shafts over the lino of the 
tunnel at the points at which it crossed the quicksand, and 
endeavour to master the water by sheer force of enginca 
and puinps, “The engines erected, possessed an aggregate 
power of 16C horses; and they went on pumping for eight 
sucoesaive months, emptying out an almost incredible quan- 
tity of water. It was found that the water, with which tha 
bed ofesand extending over many miles was charged, was 
td a certain degree held hack by the particles of the sand 
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itself, and that it could only percolate through at a certain 
average rate. It appeared in its flow to take a slanting 
direction to the suction of the pumps, the angle of inclina- 
tion depending upon the coarseness or fineness of the sand, 
and regulating tho time of the flow. Hence the distribu- 
tion of the pumping power at short intervals along the line 
of the tunnel had a much greater effect than the concentra- 
tion of that power at any one spot. I¢ soon appeared that the 
water had found its master. Protected by the pamps, which 
cleared a space for the engineering operations—carried on 
in the midst, as it were, of two almost perpendicular walls 
of water and sand on either side—the workmen proceeded 
with the building of the tunnel at numerous points. Every 
exertion was used to wall in the dangerous parts as quickly 
as possible; the excavators and bricklayers labouring night 
and day until the work was finished. Even while under 
the protection of the immense pumping power above de- 
soribed, it often ppened that the bricks weye scarcely 
covered with cement ready for the setting, ere they were 
washed quite clean by the streams of water which poured 
from‘overhead. ‘The men were accordingly under the 
necessity of holding over their work iarge whisks of straw 
and other appliances to protect the bricks and cement at 
the moment of setting. 

The quantity of water pumped out of the sand bed during 
eight months of incessant pumping, averaged 2,000 gallons 
per minute, raised from an average depth of 120 feet. It 
is difficult to form an adequate idea of the bulk of the water 
thus raised, but it may be staid thet, if allowed to flow 
for three houra only, it would fill a lake one acre aquare to 
the depth of one foot, and if allowed to flow for one entire 
day it would fill the lake to over eight fect in depth, or 
safficient to float vessels of 100 tons’ burthen. The water 
pumped out of the tunnel while the work was in progress 
would be nearly equivalent to the contents of the Thames 
at high water, between London and Woolwich. dt is a 
gurious circumstance. that uotwithstanding the quaniky 
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thus removed, the level of the surface of the water in tha 
funnel was only lowered about 24 to 3 inches per weck, 
proving the vast area of the quicksand, which probably 
extended along the entire ridge of land under which the 
railway passed. 

The cost of the line was greatly increased by the diffi- 
culties encountered at Kilsby. The original estimate for 
the tunnel was enly 99,0002; but before it was finished i$ 
had cost more than 100l. per lineal yard forward, or a total 
of nearly 300,000% The expenditure on the other parta of 
the line also greatly exceeded the amount first set down by 
the engineer; and before the works were finished it was 
more than doubled. The land vost three times more than 
the estimate ; and the cleims for compensation were enor- 
mous, Although the contracts were let within the esti- 
mates, very few of the contractors were able to complete them 
without the assistance of the Company, and many become 
‘bankrupt. » . 

The magnitude of the works, which were unprocedented 
in England, was one of the mest remarkable features in the 
undertaking. The following striking comparison has* been 
made between this railway and one of the greatost works of 
ancient times, The Great Pyramid of Egypt was, according 
to Diodorus Siculus, constructed by 300,000—acourding to 
Horodotus, by 100,000—men. It required for its execution 
twenty years, and the labour expended upon it has been 
estimated as equivalent to lifting 15.733,000,000 of cubic 
feet of stone one foot high. Whereas. if the labour ex- 
pended in constructing the London and Birmingham Ruil- 
way be in like manner reduced to one common denomination 
the result ia 25,000,000,000 of cubic feet more than was 
lifted for the Great Pyramid; and yet the English work 
was performcd by about 20,000 men in less than five years. 
And whilst the Egyptian work was executed by 2 powerful 
movarch concentrating upon it the labour and capital of a 
great Slation, the English railway was constructed, in the 
fube of every conceivable obstruction and difficulty, by a 
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company of private individuals out of their own resources, 
without the aid of Government or the contribution of one 
farthing of pnblic money. 

The labourers who'executed this formidable work were 
in many respects a remarkable class. The “railway nav- 
vies,” as they are called, were men drawn by the attrac- 
tion of good wages from all parts of the kingdom; and 
they were ready for any sort of hard work. Some of the 
beat came from the fen districts of Lincoln and Cambridge, 
where they had been trained to execute works of excava- 
tion and embankment, These old practitioners formed a 
nucleus of skilled manipulation and aptitude, which ren- 
dered them of indispensable utility in the immense under- 
takings of the period. Their exportness in all sorts of 
earthwork, in embanking, boring, and well-sinking—their 
practical knowledge of the natare of soils and rocks, the 
tenacity of clays, and the porosity of certain stratifications 
—were very great] and, rough- looking though ¢hey were, 
many of them were a8 important in their own department 
as the contractor or the engineer. 

Dusing the railway-making period the navvy wandered 
about from one public work to ancther—apparently be- 
longing to no country and having no home, He usually 
wore @ white felt hat with the brim turned up, a vel- 
veteen or jean square-tailed coat, a scarlet plush waist- 
oat with little black spota, and a bright-coloured kerchief 
round his herenlean neck, when, as often happened, it was 
uotleftentirely bare. His corduroy breeches were retained 
in position by a leathern strap round the yaist, and were tied. 
and buttoned at the knee, displaying beneath a solid calf 
and foot encased in strong high-laced boots, Joining 
together in a “butty gang,” some ten or twelve df these 
men would take a contract to cut out and remove so much 
“dirt”—as they denominated carth-cutting—fixing their 
price according to the character of the “stuff,” and the 
digtance to which it had to be wheeled and tippeds The 
contract taken, every man put himself on his mettle; if arty 
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was found skulking, or not putting forth hia fll working 
power, he was ejected from the gang. Their powers of 
endurance were extraordinary. In times of emergency thoy 
would work for 12 and even 16 hours, with only short 
intervals for meals, The quantity of flesh-meat which they 
consumed was something enormous; but it was to their 
bones and muscles what coke is to the locomotive—the 
means of keeping up the steam. They displayed great 
pluck, and seemed to disregard peril, Indeed the most 
dangerous sort of labour—such as working horse-barrow 
rons, in which accidents are of constant occurrenco—has 
always been most in request amongst them, tho danger 
seeming to be one of its chief recommendations, 

Working, eating, drinking, and slecping together, and 
daily exposed to the same influencos, these railway labourers 
soon presented a distinct and well-defined character, 
strongly marking them from the population of the districts 
in which they laboured. Reckless aljke of their lives as of 
their earnings, the navvies worked hard and lived hard. 
For their lodging, a hut of turf would content them; and, 
in their hours of leisure, the meanest public-houso would'kerve 
for their parlour. Unburdened, as they usually wore, by 
domestic ties, unsoftened by family affection, and without 
much moral or religions training, the navvies came to be 
distinguished by a sort of savage manners, which contrasted 
strangely with those of the surrounding population. Yet, 
ignorant and violent though they might be, they were 
usually good-hearted fellows in the main—frank and open- 
handed with their gomrades, and ready to share their last 
penny with those in distress. Their pay-nighta were often 
@ saturnalia of riot and disorder, dreaded by the inhabitants 
of tho Villages along the line of works. The irruption of 
such men into the quict hamlot of Kilsby must, indeod, 
have produced a very startling effect on the recluse inhabi- 
tants of the place. Robert Stephenson used to tell a atory 
of the @lergyman of the parish waiting upon the foreman of 
otf of the gangs to expostulate with him as to the shocking 
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impropriety of his men working during Sunday. But the 
head navvy merely hitched up his trousers, and said, “Why, 
Soondays hain't cropt out here yet!” In short, the navvies 
wore little bottor than heathens, and the village of Kilsby 
‘was not restored to its wonted quiet until the tunnel-works 
were finished, and the engines and scaffoldings removed, 
leaving only the immense masses of débris around the line 
of shafts which extend along the top of the tunnel, 
In illustration of the extraordinary working energy and 
of endurance of the English navvies, we may men- 
tion that when railway-making extended to France, the 
English contractors for the works took with them gangs of 
English navvies, with the usual plant, which included 
wheelbarrows, These the English navvy was accustomed to 
run out rapidly and continuously, piled so high with 
“staff” that he could barely see, over the summit of his 
load, the gang-boqrd along which he wheeled his barrow. 
While he thus easily ran out some 3 or 4eowt ata 
time, the French navvy was contented with half the 
weight. Indeed, the Frenchnavvies on one occasion struck 
worl because of the size of the English barrows, and there 
‘was an éneute on the Rouen Railway, which was only 
quelled by the aid of the military. The consequence 
was that the big barrows were abandoned to the English 
workmen, who earned nearly double the wages of the 
Frenchmen. The manner in which they stood to their 
work was matter of great surprise and wonderment to the 
French countrypeople, who came crowding round them in 
their blouseg, and, after gazing admiriggly at their expert 
handling of the pick and mattock, and the immense loads of 
“dirt” which they wheeled out, would exclaim to each 
other, “Mon Dieu, voila! coila ces Anglais, comme ils travail- 
lent 1” 
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CHAPTER XIV. 


Maxcusstse axp Lexns, axp Mooiaxp Raiwaye —~ Szx- 
Paexson’s La at Auron—Vistr To Betarom— Gunmpan 
Exrexsioy or Ramways axp tax Resvvts, 


‘Tue rapidity with which railways wore carried out, when 
the spirit of the country became roused, was indeed remark- 
able. This was doubtless in some measnre owing tu the 
increased force of the current of speculation at tho time, but 
chiefly to the desire which the public began to entertain for 
the general extension of the system. It was oven proposed 
to Gill up the canals, and convert them into railways. Tho 
new roads ebecame the topic of conversation in all circles ; 
they were felt to give a new value to time; their vast 
capabilities for “business” peculiarly recommended them 
to tho trading classes; whilst the friends of “ profress” 
dilated on the great fenefita they would eventually confer 
upon mankind at large. It began to be seen that Edward 
Pease had not been exaggerating when ho said, “Let the 
country but make the railroads, and the railroads will 
make the country!” They also came to be regarded as 
inviting objects of investment to the thrifty, and a safe out 
let for the accumulations of inert men of capital. Thus 
new avenues of irog road were svon in course pf formation, 
branching in ail directions, so that the country promised in 
a wonderfully short time to become wrapped in one vast 
network of ion. 

In 1886 the Grand Junction Railway was under constrac- 
tion between Warrington and Birmingham—the northern 
part by Mz. Stephenson, and the southern by Mr. Rastrick. 
The wérks on that line embraced heavy cuttings, long 
efibankments, and numerous viaducta; but none of these 
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are worthy of any special description. Porhaps the finest 
pieco of masonry on the railway is the Dutton Viaduct 
across the valley of the Woaver. It consists of twenty 
arches of 60 foet span, springing 16 feet from the perpendi- 
oular shaft of each pier, and 60 feet in height from the 
crown of the arches to the level of the river. The founda- 
tions of the piers were built on piles driven 20 feet deep. 
The structure has a solid and majestic appearance, and ix 
perhaps the finest of George Stephenson's viaducts. 

The Manchoster and Leeds line we in progress at the 
same time—an important railway connecting the principal 
manufacturing towns of Yorkshire and Lancashire. An 
attempt was made to obtain the Act as early as 1831; but 
ita promoters were defeated by the powerful opposition of 
the landowners aided by the canal companies, and the pro- 
ject was not revived for several years. The line wes some- 
what circuitous, and the works were heavy; but on she 
whole the gradients were favourable, and it had the advan- 
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tage of passing through a district full of manufetor 
ing towns and villages, teeming hives of population, in- 
dustry, and enterprise. The Act authorising the construc 
tion of the railway was obtained in’ 1806; it was greatly 
amended in the snoceeding year, and the first ground was 
broken on the 18th August, 1837. 

‘In conducting this project to an issue, the engineer had 
the usual oppogition and prejudices to encounter. Predio- 
tions were confidently made in many quartors that the line 
could never succeed. It was declared that tho utmost 
engineering skill could not construct a railway through 
such a country of hills and hard rocks; and it was main- 
tained that, even if the railroad were practicable, it could 
only be made at a ruinous cost, 

During the progress of the works, as the Summit Tunnel, 
near Littleborough, was approaching completion, the rumour 
waa spread abroad in Manchester that the tunnel had fallen 
in and buxjed a number of the workmen? ‘The lastarch had 
been keyed in, and the work wav all ‘but finished, when the 
accident occurred which was thus exaggerated by tho lying 
tongue of rumour. An invert had given way through the 
irregular pressure of the surrounding earth and rock at a 
part of the tunnel where a “fault” had ocourred in the 
strata. “A party of the directors accompaniod the engineer 
to inspect the scene of the accident. They entered the 
tunnel’s mouth preceded by upwards of fifty navvies, each 
bearing a torch. 

After walking a distance of about half a mile, the in- 
specting party arrived at the scene of the “ frightful acci- 
dent,” about which so much alarm had been*spread. All 
that was visible was a certain unevenness of the ground, 
which ehad been forced up by the invert under it giving 
way; thus the ballast had been loosened, the drain runing 
along the centre uf the road had been displaced, and small 
pools of water stood about, But the whole of the walls and 
the rogf were still as perfect as at any other part of the 
timnel, The engineer explained the cause of the accident 
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the blue shale, ho said, through which the excavation 
passed at that point, was considered so hard and firm, as 
to render it unnecessary to build the invert very atrong 
there. But shale is always a deceptive material, Subjected 
to the influence of tho atmosphere, it gives but a treacherous 
support, In*this case, fallmg away lite quicklime, it had 
left the lip of the invert alone to support the pressure of the 
arch above, and hence its springing inwards and upwards. 
Mr. Stephenson directed the attention of the visitors to the 
completeness of the arch overhead, where not the slightest 
fracture or yiolding could be detected. Speaking of the 
work, in the course of the same day, he said, “I will stake 
my character and my head, if that tunnel ever give waypso 
as to cause danger to any of the public passing through it. 
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Taking it as a whele, I don’t think there is such snother 
piece of work in tae world. It is the greatest work that 
has yet been done of this kind, and there has been lew 
Tepairing than is usual—though an engineer might well be 
‘eaten in his calculations, for he cannot beforehand bee intu 
those little fractured parts of the earth he may meet with.” 
As Stephenson had promised, the invert was put in; and 
tho tunnel was made perfectly safe. 

The construction of this snbterranean road employed the 
labour of above a thousand men for nearly four years, 
Resides excavating the arch out of a solid rock, they wed 
28,000,000 of bricks, and 8000 tons of Roman cement in 
the building of the tunnel. Thirteen stationary engines, 
and about 100 horses, were also employed in drawing the 
earth and stone out of the shafts. Its entire longth is 2809 
yards, or nearly 13 mile—exceeding the famous Kilaby 
Tunnel by 471 yards. 

The Midland Hailway was a favourite line of Mr. Ste- 
phenson’s for several reasons, It passed through a rich 
mining district, in which it opened up many valuable coal- 
fields, and it formed of the great main line uf*com- 
munication between don and Edinburgh, The Act 
was obtained in 1836, and the first ground was broken in 
February, 1837. 

Although the Midland Railway was only one of the 
many great works of the same kind executed at that 
time, it was almost enough of itself to be the uchievement 
of a life. Compare it, for example with Napoleon's mililary 
road over the SimpJon, and it will at once ke seen how 
greatly it excels that work, not only in the constructive 
skill displayed in it, but also in its cost and magnitude, und 
the amdunt of labour employed in its formation. The road 
of the Simplon is 45 miles in length; the North Midland 
Railway is 724 miles. The former has 50 bridges and 5 
tunnels, measuring together 1838 feet in length; the latter 
has 200¢briiges and 7 tunnels, measuring together 11,400 
feel, or about 2 miles, The former cost about 720,002, 

v. “ a 
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aterling, the latter above 3,000,000 Napoleon’s grand 
military road was constructed in six years, at the public 
cost of the two great kingdoms of France and Italy; while 
Stephenson’s railway was formed in about three years, by 
a company of private merchants and capitalists out of their 
own funds, end under their own superintendence. 

It is scarcely necessary that we should give any account 
in detail of tho North Midland works: The making of one 
tunne! so much resembles the making of another,—the 
building of bridges and viaducts, no’ matter how extensive, 
so munch resembles the building of others,—the cutting out 
of “dirt,” the blasting of rocks, and the wheeling of exca- 
vation into embankments, is so much a matter of mere 
time and hard work,—that is quite unnecessary for us to 
detain the reader by any attempt at their description. Of 
course there were the usual difficulties to encounter and 
overcome,—but the railway engineer regarded these as 
mere matters of coyrse, and would probably have been 
disappointed if they had not presented themselves. 

On the Midland, as on other lines, water was the great 
enethy to be fought against,—water in the Claycross and 
other tunnels,—water in the boggy or sandy foundations 
of bridges—and water in cuttings and embankments. As 
an illustration of the difficulties of bridge building, we may 
mention the case of the five-arch bridge over the Derwent, 
where it took two yeare’ work, night and day, to get in the 
foundations of the piers alone. Another curious illustra. 
tion of the mischief done by water in cuttings may be 
‘briefly menfioned. Ata part of the North Midland Line, 
near Ambergate, it was necessary to pass along a hillside 
in a outting a few yards deep. As the cutting proceeded, 
a seam of shale was cut across, Iving at an inclination of 
6 to 1; and shortly after, the water getting behind the bed 
of shale, the whole mass of earth along the hill above began 
to move down across the line of excavation. The accident 
completely upset the estimates of the vontracfor, 
instead of 50,000 cubic yards, found that he had al 
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Land-ship on North Madland Line, near Ambergate 


500,000 to remove; the execution of this part of the rail- 
‘way occupying fifteen months instead of two. 

The Oakenshaw cutting near Wakefield was also of a 
very formidable character. Abvut 600,000 yards of rock 
shale and bind were quarried out of it, and led to form the 
adjoining Uakenshaw embankment. The Normanton cut- 
ting was almost as heavy, requiring the removal of 400,000 
yarda of the s°me kind of excavation into embankment and 
spoil. But the progress of the works un the line was 60 
rapid ip 1839, that not less than 450,000 cubic yards of 
exgavation were removed monthly. 

As @ curiosity in cowtnctions ep aay ley meneonis 

3 
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« 
vory delicate piece of work executed on the eame railway 
at Bullbridge in Derbyshire, where the line at the same 
point passes over a bridge which here spans the river 
Auber, and under the bed of the Cromford Canal. Water, 
bridge, railway, and canal, were thus piled one above the 
other, four stories high; such another curious complication 
probably not existing. In order to prevent the possibility 
of the waterg of the canal breaking in upon the works of 
the railroad, Mr. Stephenson had an iron trough made, 150 
feet long, of the width of the canal, and exactly fitting the 
Dottom. It was brought to the epot in three pieces, which 
were firmly welded together, and the trough was then 
floated into its place and sunk; the whole operation being 
completed without in the least interfering with the naviga- 
tion of the canal. The railway works underneath were 
then proceeded with and finished. 
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Another line of the same series constructed by George 
Stephensnn, was the York and North Midland, extending 
from Normanton—a point on the Midland Railway—to 
York; but it was a line of easy formation, traversing a 
comparatively level country. 

During the time that our engineer was engaged in 
superintending the execution of these undertakings, he was 
occupied upon cther projected railways in various parts of 
the country. He surveyed several lines in the neighbour- 
hood of Glasgow, and afterwards routea along the east 
coast from Newcastle to Edinburgh, with the view of com- 
pleting the main line of communication with London. 
‘When out on foot in the fields, on these occasions, he was 
ever foremost in the march ; and he delighted to test the 

of his companions by a good jump at any hedge 
or ditch that lay in their way. His companions used to 
remark his singular quickness of observation. Nothing 
escaped hin attention—the trees, the props, the birds, or the 
farmer's stock ; and he was usually full of lively conversa- 
tion, everything in nature affording him an opportunity for 
making gome striking remark, or propounding some itgeni- 
ous theory. When taking a flying survey of a new line, hia 
keen observation proved yery useful to him, for he rapidly 
noted the general configuration of the country, and inferred 
ita geological structure. He afterwards remarked to a 
friend, “1 have planned many a railway travelling along in 
a postchaise, and following the natural line of the country.” 
And it was remarkable that his first impressions of the 
direction to be takep almost invariably proved correct; and 
there are few of the lines surveyed and recommended by 
him which have not been executed, either during his life- 
time of since. As an illustration of his quick and shrewd 
observation on such occasions, we may mention that when 
employed to lay out a line to connect Manchester, through 
Macclesfield, with the Potteries, the gentleman who accom- 
panied4him on the journey of inspection cautioned him ta 
pbvide large accommodation for carrying off the water, 
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observing —* You mnat: not judge by the appearance of the 
brooks ; for after heavy rains these hills pour down volumes 
of water, of which you can have no conception.” “Pooh! 
pooh! don’t I see your bridges?” replied the engireer. He 
had noted the details of each as he passed along. 

Among the other projects which occupied his attention 
about the same time, were the projected lines between 
Chester and Holyhead, betwoen Leed# and Bradford, and 
between Lancaster and Maryport by the western coast. 
This latter was intonded to form part of a west-ooast line to 
Scotland; Stephenson favouring it partly because of the 
flatness of the gradienta, and also because it could be formed 
at comparatively small cost, whilst it would open out a 
valuable iron-mining district, from which a large traffic in 
ironstone was expected. One of its collateral advantages, 
in the engineer's opinion, was, that by forming the railway 
direotly across Morgcambe Bay, on the north-west coast of 
Lancashire, a large tract of valuable land might be re- 
claimed from the sea, the sale of which would considerably 
reduce the cost of the works. He estimated that by means 
of a ‘solid embankment acroas the bay, not less than 
40,000 acres of rich alluvial land would be gained. He 
proposed to carry the road across the ten miles of sands 
which lie between Poulton, near Lancaster, and Humphrey 
Head on the opposite coast, forming the line in a segment 
of a circle of five miles’ radius. His plan was to drive in 
piles across the entire length, forming a solid fence of stone 
blocks on the land side for the purpose of retaining the sand 
and silt brought down by the rivers from the interior. The 
embankment would then be raised from time to time as the 
che deposit accun-ulated, until the land was filled up to 
high-water mark ; provision being made by means of suffi- 
cient arches, for the flow of the river waters into the bay. 
The execution of the railway after this plan would, how- 
ever, have ocoupied more years than the promoters of the 
‘West Coast line were disposed to wait; and eventually Mr. 
Locke’s more direct but uneven line by Shap Fell was 
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adopted. A railway has since been carried across the head 
of the bay; and it is not improbable that Stephenson's 
larger scheme of reclaiming the vast tract of land now left 
bare at each receding tide, may yet be carried ont. 

While occupied in carrying out the great railway under- 
takings which we have above so briefly described, Mr. 
Stephenson’s home continued, for the greater part of tho 
time, to be at Alton Grange, near Leicester. But he was 
80 much ocoupied in ‘travelling about from one committee of 
directors to another—one week in England, another in 
Scotland, and probably the next in Ireland,—that he often 
did not sce his home for weeks together. He had also tu 
make frequent inspections of the varions important and 
difficult works in progress, espocially on the Midland and 
Manchester and Leeds lines; besides occasionally guing tu 
Newcastle to see how the locomotive works were going on 
there. During the three years ending in 1837—perhaps 
the ‘busiest, years of his life*—he travelled by postchaise 
alone upwards of 20,000 miles, and yet not lows than six 
months out of the three years were spent in London. 
Hence there is comparatively little to record of Mr. Stephen- 
son’s private life at. thia period; during which M6 had 
scarcely a moment that he could call his own. 

His correspondence increased so much, that ho found it 
necessary to engage a private secretary, who accompanied 
Lim on his journeys, He was himself exceedingly averse to 
writing letters. The comparatively advanced age at which 
he learnt the art of writing, and the nature of his duties 
while engaged at the Killmgworth colliery, precluded that 
facility in correspofidence which only constant practice can 


* During this perlod he was en- | of these, of which he was principal 
gaged on the North Midland, ex- | engivewx, having boea authoriscd 
fending from Derby to Leeds: the 'in 3836. In tut seasion alone, 
York and North Midland, from powers wero obtained for the con- 
‘Normanton to york; the Manches- struction of 214 miles of new rail 
ter and Leeds; the Birmingham ways under his direction, at an 
and Defby, and the Sheffield and iture of upwards of five 
Fitherbam Railways; the whole { millions stcrling. 
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give. He gradually, however, acquired great facility in 
dictation, and possessed the power of labourmg continuously 
at this work; the gentleman who acted as hia secretary in 
1835, having informed us that during his busy season he 
one day lictated not fewer than 37 letters, several of them 
embodying the results of much close thinking and caleula- 
tion. On another ocoasion, he dictated reports and letters 
for twelve continuous hours, until his secretary was ready to 
Grop off his chair from sheer exhaustion, ind at length he 
pleaded for a suspension of the labour. This great mass of 
correspondence, although closely bearing on the subjects 
under discussion, waa not, however, of a kind to supply the 
biographer with matter for quotation, or give that insight 
into the life and character of the writer which the letters 
of literary men so often furnish. They were, for the most 
part, letters of mere business, relating to works in progress, 
parliamentary contests, new surveys, estimates of cost, and 
railway policy,—cgrt, and to the point; in short, the letters 
of @ man every moment of whose time was precious. He 
wag also frequently called upon to inspect and report upon 
colliery works, salt works, braas and copper works, and auch 
like, ih addition to his own colliery end railway business, 
And occasionally he would run up to London, for the pur- 
pose of attending in person to the preparation and deposit 
of the plans and sections of the projected undertakings of 
which he had been appointed enginear. 

Fortunately Stephenson possessed a facility of sleep- 
ing, which enabled him to pass through this enormous 
amount of fatigue and labour without injury to his health. 
He had been trained in a hard school, hd could bear with 
case conditions which, to men more softly nurtured, would 
have been the extreme of physical discomfort. Many, many 
nights he matched his sleep while travelling in his chaise; 
and at break of day he would be at work, surveying 
until dark, and this for weeks in succession. His whole 
powers seemed to be under the control of his will, for 
be could wake at any hour, and go to work at once. Ii 


Cuap. SIV. THE ROBINS NEST. 265 


was difficult for secretaries and assistants to keop up with 
such & man. 

1t is pleasant to record that in the midst of these 
engrossing occupations, his heart remained as roft and 
loving as ever. In spring-time he would not be debarre] 
of his boyish pursuit of bird-nesting ; but would go rambling 
along the hedges spying for nests. In the autumn ho went 
nutting, and when he could snatch a few minutes ho in- 
dulged in his old love of gardening. His uniform kindness 
and good temper, and his communicative, intelligent dispo- 
sition, made him a great favourite with the neighbouring 
farmers, to whom he would volunteer much valuablo advice 
on agricultural operations, drainage, ploughing, and abour- 
saving processes, Sometimes he took a long rural ride on 
his favourite “ Bobby,” now growing old, but as fund of his 
master as ever. Towards the end of his life, “Bobby” 
lived in clover, iis master’s pet, doing no work; and he 
died at Tapton, i in 1845, more than twemty years old. 

During one of George's brief sojotrns at the Grange, 
he found time to write to his aon a touching account uf pair 
of robins that had built their nest within one of the upper 
chambers of the house. One day he observed » robin 
fluttering outside the windows, and beating its wings 
against the panes, as if eager to gain admission. He went 
up stairs, and there found, in @ retired part of one of the 
rooms, ® robin’s nest, withone of the parent birds sitting 
over three or four young--all dead. The excluded bird 
outside still beat against the panes; and on the window 
being let down, it flew into the room, but waa so exhausted 
that it dropped upuf the floor. Mr. Stephenton took up 
the bird, carried it down stairs, had it warmed and fed. 
‘The poor robin revived, and for a time was one of his pets. 
But it shortly died too, as if unable to recover from the 
privations it had endured during its threo days’ fluttering 
and beating at the windows. Jt appeared that the room 
hed been, unvocupied, and, the sash having been let down, 
theeobins tad taken the opportunity of building their nest 
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within it; but the servant having closed tha window 
again, the calamity befel the birds which so strongly excited 
Mr. Stephenson’s sympathies. An incident such as this, 
trifling though it may seem, gives the true key to the heart 
of the man. 
The amount of their Parliamentary business having 
ipontly increnmed with the projection of new lines of railway, 
found it necessary tp set‘ up an offics in 
ian ia 1606. George's first office was at 9, Duke Street, 
‘Westminster, from whence he removed in the following year 
to 304, Great George-street. That office was the busy scene 
of railway politics for several years. There consultations 
were held, schemes were matured, deputations were re- 
ceived, and many projectors called upon our engineer for the 
purpose of submitting to him ther plans of railways and 
railway working. ‘His private secretary at the time has in- 
formed us that at the end of the first Parliamentary session 
in which ho had teen engaged as engineer for more com- 
panies than one, it” became necessary for him to give 
instructions as to the prepgration of the accounts to be 
rendered to the reepective companies, In the simplicity of 
his heart, he directed Mr. Binns to take his full time at the 
rate of ten guineas a day, and charge the railway companies 
in the proportion in which he had been actually employed 
on their respective business during each day. When Robert 
heard of this instruction, he went directly to his father and 
expostulated with him against this unprofessional course; 
and, other influences being brought to bear upon him, 
George at length reluctantly consented to charge as other 
engineers dit, an entire day’s fee tu each of the Companies 
for which he was concerned whilst their business was going 
forward; but he cut down the number of days charged for 
and reduced the daily amount from ten to seven guineas, 
Besides his journeys at home, Mr. Stephenson was on 
more than one occasion called abroad on railway business, 
‘Thus, at tho desire of King Leopold, he made seveyal visits 
to Belgium to assist the Belgian engineers in laying ontethe 
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national lines of that kingdom. That enlightened monarch 
at an early period discerned the powerful instrumentality 
of railways in developing a country’s resources, and he 
determined at the earliest possible period to adopt them az 
the great high-roads of the nation. The country, being 
rich in coal and minerals, had gicat manufacturing capabi- 
litien. It had good ports, fine navigable rivers, abundant 
canals, and a fecming, industrious populatiun. Leopold 
perceived that railways were eminently calculated to bring 
the industry of the country into full play, and to render the 
riches of the provinces available to the rest of the kingdom. 
He therefore openly declared himself the promoter of public 
railways throughout Belgium. A system of lines was pro- 
jected, at his instance, connecting Brussels with the chief 
towns and cities of the kingdom ; extending from Ostend 
eastward to the Prussian frontier, and from Antwerp south- 
ward to the French frontier. 

Mr. Stephenson and his son, as the loflding railway-engi- 
neors of England, were consulted by the King on tho best 
inode of carrying out his important plans, as eurly as 1835. 
In the course of that year they visited Belgium, and had 
several interesting tonferences with Leupold and his 
ministera on the subject of the proposed railways. The 
King then appointed George Stephenson by royal ordinance 
a Knight of the Order of Leopold. At the invitation of the 
monarch, Mr. Stephenson made a second visit to Belgium 
in 1837, on the occasion of the public opening of the line 
from Brussels to Ghent. At Brussels there was a public pro- 
cession, and anothex at Ghent on the arrival of the train. 
Stophenaon and his party accompanied it fo the Public 
Hall, there to dine with the chief Ministers of State, the 
monicipal authorities, and about five hundred of the prin- 
cipal inhabitants of the city; the English Ambassa- 
dor being slso present. After tho King’s health and a 
few others had been drunk, thet of Mr. Stephenson waa 

proposéd; on which the whole assembly rose up, amidst 
iit excitement and loud applause, and made their way te 
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whero he sat, in orter to jingle glasses with him, greatly 
to hie own amazement. On the day following, our engineer 
dined with the King and Queen at their own table at 
Laaken, by special invitation; afterwards accompanying 
his Majesty and suite to a publio ball given by the 
municipality of Bruasels, in honour of the opening of the 
line to Ghent, as well as of their distinguished English 
guest. On entering the room, the ‘genoral and excited 
inquiry was, “Which is Stephenson?” The English 
engineer had not before imagined that he was esteemed to 
be so great a man. 

The London and Birmingham Railway having been com- 
pleted in September, 1838, after being about five years in 
progress, the great main gystem of railway communication 
‘between London, Liverpool, and Manchester was then 
opened to the public. For some months previously, the line 
had been partially opened, coaches performing the journey 
between Denbigh fal] (near Wolverton) and Rughy,—the 
works of the Kilsby tunnel being still incomplete. It was 
already amusing to hear the complaints of the travellers 
about" tho slowness of the coaches as compared with the 
railway, though the coaches travelled at the speed of eleven 
miles an hour. The comparison of comfort was also greatly 
to the disparagement of the coaches. Then the railway 
train could accommodate any quantity, whilst the road oon- 
veyances were limited; and when a press of travellers 
occurred—as on the occasion of the Queen’s coronation—the 
greatest inconvenience was experienced, and as much as 104, 
was paid for g seat on a donkey-chaiso hetwoon Rugby and 
Denbigh. On the opening of the railway throughout, of 
course all this inconvenience and delay was brought to an 
end, : 

Numerous other openings of railways constructed by Mr 
Stephenson took place about the same time. The Birming. 
ham and Derby line was opened for traffic in August, 1889 ; 
the Shoffield and Rotherham in November, 1839; “and jn 
the course cf the following year, the Midland, the York and 
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North Midland, the Chester and Crewe, the Chester and 
Birkenhead, the Manchester and Birmingham, the Man- 
cheater and Leeds, and the Maryport and Carlisle railways, 
were all publicly opened in whole or in part. Thus 321 
miles of railway (exclusive of the London and Birmingham) 
constructed under Mr. Stephenson’s superintendence, at a cost 
of upwards of eleven millions sterling, were, in the conrse 
of about two ye§rs, added to the traffic acoommodation of 
ube country. 

The ceremonies which accompanied the public opening 
of these lines were often of an interesting character. The 
adjoining population held general holiday; bands played, 
banners waved, and assembled thousands cheered the pass- 
ing trains amidst the occasional booming of cannon. The 
proceedings were usually wound up by a public dinner; 
and in the course of the speeches which fullowed, Mr. 
Stephenson would revert to his favourite topic—the difficul- 
ties which ,be had early encountered iA the promotion of 
the railway system, aud in establishing tho superiority of 
the locomotive. On such occgsions he always took great 
pleasure in alluding to the services rendored to himself and 
the public by the youhg men brought up under his eyo—his 
pupils at first, and afterwards his assistants. No great 
master ever possessed a more devoted band of assistants 
and fellow-workers than he did. It was one of the most 
marked evidences of his own admirable tact and judgment 
that he selected, with such undeviating correctness, the men 
Dest fitted to carry out his plans. Indeed, the ability to 
accomplish great things, and to carry grand ideas into prav- 
tical effect, depends in no small measure on that intuitive 
knowledge of character, which Stephenson posaseased in so 
remarkable a degree. 

At the dinner at York, which followed the partial open- 
ing of the York and North Midland Railway, Mr. Stephen- 
son said, “he was sure they would appreciate his feelings 
when ke told them, that when he first began railway 
bibiness his hair was black, although it was now grey ; and 
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that he began his life's labour as but a poor ploughboy. 
About thirty years since, he had applied himself to the 
atudy of how to gepera erate high velocities by mechanical 
means. He thought ho had solved that problem; and they 
had for themselves seen, that day, what perseverance had 
brought him too. He was, on that occasion, only too 
happy to have an opportunity of acknowledging that he 
had, in the latter portion of bis career, recaived much most 
valuable assistance, particularly from young men brought 
up in his manufactory. Whenever talent showed itself in a 
young man he had always given that talent encouregement 
where he could, and he would continue to do 60.” 

That this was no exaggerated statement is amply proved 
by many facts which redound to Mr. Stephenson’s credit. 
He was no niggard of encouragement and praise when he 
saw honest industry straggling for a footing. Many were 
the young men whom, in the course of his useful career, he 
took by the hand and led steadily up to honour and emolu- 
ment, simply becausd he had noted their zeal, diligence, 
and integrity. One youth excited his interest while work- 
ing 93a common carpenter on the Liverpool and Manchester 
line ; and before many yoars had pasced, he was recognised 
as an engineer of distinction, Another young man he 
found industriously working away at his bye-houra, and, 
admiring his diligence, engaged him for his private secre- 
tary, the gentleman shortly after rising to a position of 
eminent influence and usefulnees, Indeed, nothing gave 
Mr. Stephenson greater pleasure than in this way to help 
on any deserving youth who came under his observation, 
end, in his‘ own expressive phrase, f “make a man of 
him.” 

‘The openings of the great main lines of railroad ccmmuni- 
cation shortly proved the fallaciousness of the numerous 
rash prophecies which had bean promulgated by the 
opponents of railways. The proprietors of the canals were 
astounded by the fact that, notwithstanding the jmmense 
traffic conveyed by rail, their own traffic and receipts aun- 
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tinued to increase; and that, in common with cther in- 
teresta, they fully shared in the expansion of trade and 
eummerce which had been 80 effectually promoted by the 
extension of the railway system. Tlie cattle-ownors wero 
equally amazed to find the prico of horse-tlesh increasing 
with the extension of railways, and that the number of 
coaches running to and from the new railway-stations gave 
employment to & greater number of horses than under the 
old stage-coach system. Those who had prophesied the 
decay of the motropolis, and the ruin of the suburban 
cabbage-growers, in consequence of the approach of railways 
to London, were also disuppointed ; fur, while the new 
roads let citizens out of London, they let country-penple in. 
Their action, in this respect, was ceutripotal as well us cen- 
trifagal. Tens of thousands who had never seen the metro- 
polis could now visit it expeditiously and chouply; and 
Londoners who had never visited the country, or but rarely, 
were enabled, at little cost of time or tioney, iv Hee green 
fields and clear blue skies, far from the smoke and bustle of 
town. If the dear suburban-grown vabbages became depre- 
ciated in value, there were truckloads of fresh-grown 
country cabbages to make amends for the loss: in this case, 
the “partial evil” was a far mare general good. The food 
of the metropolis became rapidly improved, especially in the 
supply of wholesome meat and vegetables. Aud then the 
price of coals—an article which, in this country, is ar in- 
dispensable as daily food to all classes—was greatly reduced. 
What a blessing to the metropolitan poor is described in 
this single fact! 

The prophecies of ruin and disaster to Tandlords and 
farmers were equally confounded by the openings of the 
railwafs. The agricultural communications, so far from 
being “destroyed,” as had been predicted, were im- 
mensely improved. The farmers were enabled to buy 
their ooals, lime, and manure for less money, while 
they Obtained a readier access to the best markets for 


their stock and furm-produce. Notwithstanding the pre- 
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dictions to the contrary, their cows gave milk as before, 
their sheep fed and fattened, and even skittish horses ceased 
to shy at the passing locomotive. Thesmoke of the engines 
did not obscure the sky, nor were farmyards burnt up by 
the fire thrown from the locomotives. The farming classes 
were not reduced to beggary; on the contrary, they soon 
felt that, so far from having anything to dread, they had 
very much good to expect from tke axtension of rail- 
ways, 

Landlords also found that they could get higher rents 
for farms situated near a railway than at a distance 
from one. Hence they became clamorous for “sidings.” They 
felt it to be a grievance to be placed at a distance from 
a station, After a railway had been once opened, not a 
Tandlord would consent to have the line taken from him. 
Owners who had fought the promoters before Parliament, 
and compelled them to pass their domains at a distance, at 
a vastly-increased Sxpense in tunnels and deviations, now 
petitioned for branches and nearer station accommodation. 
‘Those who held property near towns, and had extorted large 
sumstas compensation for the anticipated deterioration in 
the value of their building land, four a new demand for it 
apringing up at greatly advanced prices. Land was now 
advertised for sale, with the attraction of being “near a 
railway station.” 

The prediction that, even if railways were made, the 
public would not use them, was also completely falsified by 
the resulta. The ordinary mode of fast travelling for the 
middle classes had heretofore been by yunil-coach and stege- 
coach. ‘Those who could nut afford to pay the high prives 

for such conveyances went by waggon, and the 
poorer classes trudged on foot. George Stephonsbn was 
wont to say that he hoped to see the day when it would be 
cheaper for 4 poor man to travel by railway than to walk, 
and not many years passed before his expectation was fal- 
filled. In no country in the world is time worth more 
mover than in England; and by saving time—the criterfon 
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of distance—the railway proved a great benefactor to men. 
of industry in all classes. 

it was some time before the morg opulent, who could 
afford to post to town in aristocratic style, became recun- 
ciled to railway travelling. In the opinion of many, it 
was only another illustration of the Jevelling tendenciew 
of the age. It put an end to that gradation of rank in 
travelling whickf,was une of the few things left by which 
the nobleman could be distinguished from the Manchester 
manutacturer and bagman. But to younger sons of noble 
fumilies the convenience and chcapness of the railway did 
not fai] to recommend itself. One of these, whose eldest 
brother had just succecded to an earldum, suid one day toa 
railway manager: ‘I like railways—they just suit young 
fellows like me with ‘nothing per annum paid quarterly.’ 
You know wo can't afford to post, and it used to be deuced 
annoying to me, as ] was jogging along on the box-poat of 
the stage-cogoh, tu soo the little Earl g? by drawn by his 
four posters, and just Jook up at me “and give me a nod 
But now, with railways, it's different. It's true, be may 
take a first-class ticket, while I can only afford a wosond- 
clasa one, but we both go the same pace.” 

For a time, however, many of the old families sent 
forward their servants and luggage by railroad, and con- 
demned themselves to jog along the old highway in the 
accustomed family chariot, dragged by country post-horses. 
But the superior comfort of the railway shortly recommended 
itself to even the oldest families; posting went out of date; 
post-horses were with difficulty to be bnd along even the 
great high-rouds; and nobles and servants, manufacturers 
and peasants, alike shared in the comfort, the convenience, 
and the despatch of railway travelling. The late Dr. Arnold, 
of Rughy, regarded the opening of the London and Bir- 
tmingham line as another great atep accomplished in the 
march of civilisation. “I rejoice to seo it,” he said, as he 
stood ontone of the bridges over the railway, and watchod 
the*train flashing slong under him, and away through tho 

? 
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distant hedgerows—“I rejoice to see it, and to think that 
foudality is gone for ever it is so great a blossing to think 
that any one evil is pally extinct.” 

It was long before the late Duke of Wellington would 
trust himxlf behind a locomotive. The fatal accident to 
Mr. Huskisson, which had happened before his eyes, contri- 
buted to prejudice lim strongly against railways, and it was 
not until the yoa2 1843 that he performed his first trip on 
the South-\ estern Railway, in attendance upon her Majesty. 
Prince Albert had for some time been accustomed to travel 
by railway alone, but in 1842 the Queen began to make uso 
of the same mode of conveyance between Windsor and 
London. Even Colonel Sibthorpe was eventually compelled 
to acknowledge its utility. For a tume he continued to post 
to and from the countiy as before. Then he compromised 
the matter by taking a 1ailway ticket for the long journey, 
and posting only,a stago or two nearest town; until, at 
Jongth, ho undisgniscdly committed himself, like other 
people, to the express tram, and performed the journey 
throughout upon what ho Had formorly denounced as “the 
infernal raihoad ” 


os 
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Wut George Stephenson was engaged m cairying on the 
works of the Midland Railway in the neighbomhood of 
Chesterfield, several seams of coal were cut through m the 
Claycross Tunnel, and it occurred to him that xf mmos were 
opened out there, the railway would provide the means of 4 
ready sale for the article in the midland counties, and as tar 
south asteven the metropolis itself. 

At a time when everybody else was sceptical es to the 
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possibility of couls being carried from the midland countiva 
to London, and sold there at a price to compete with those 
which were seaborng he declared his firm conviction that 
the time was fast approaching when the London market 
would be regularly supplied with north-country coals led by 
railway. One of the greatest advantages of railways, in his 
opinion was that they would bring iron and coal, the staple 
products of the country, to the doors of all England. “The 

of Britain,” he would say, “lies in her jron and coal 
beds ; and the locomotive is destined, above all other agencies, 
to bring it forth, The Lord Chancellor now sits upon a bag 
of wool; but wool has long ceased to be emblematical of the 
staple commodity of England. He ought rather to sit upon 
a bag of coals, though it might not prove guite so comfort- 
able a seat. Then think of the Lord Chancellr being 
addressed as the noble and learned lord on the ooal-sack/ 1 
am afraid it wouldn't answer, after all.” 

To one gentlenfan he said: “We want from the coal- 
mining, the iron-producing and manufacturing districts, a 
great railway for the carriage of these valuable products. 
We want, if I may so say, a stream of steam running 
directly through the country, from the North to London, 
and from other similar districts to London. Speed is not 
#0 much an object as utility and cheapness. It will not do 
to mix up the heavy merchandize and coal trains with the 
passenger trains. Coal and most kinds of goods can wait; 
‘but passengers will not. A less perfect road and leas 
expensive works will do well enough for coal trains, if run 
at a low speed ; and if the line be figt, it is not of much’ 
consequence ‘whether it be direct or not. Whenever you 
put passenger trains on a line, all the other trains must bo 
ron at high speeds to keep out of their way. But coe 
trains run at high speeds pull the road to pieces, besides 
causing large expenditure in locomotive power; and 1] 
doubt very much whether they will pay after all; but a 
succession of long coal trains, if run at from ten to fourteen 
iniles an hour, would pay very well. Thus the Stocklon 
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and Darlington Company made a larger profit when running 
coal at low speeds at a halfpenny # ton per mile, than they 
have been able to do since they put of their fast passenger 
trains, when everything must needs be run faster, and a 
much larger proportion of the groas receipta is absorbed by 
working expenses.” 

In advocating these views, Mr. Stephonson was con- 
siderably ahead of ds time; and although he did not live 
to see his anticipations fully realised as to the supply of the 
London ccal-market, he was nevertheless the first to point 
ont, and to some extent to prove, the practicability of 
establishing a profitable coal trade by railway between the 
northern counties and the metropolis. So long, however ea 
the traffic was conducted on main passenger lines at 
comparatively high speeds, it was found that the expendi- 
ture on tear and wear of road and locomotive power,—not 
to mention the inoreased risk of carryipg on tho first-class 
passenger traffic with which it was mixed up,—necessarily 
left 8 vary small margin of profit; and hence Mr. Stephen- 
son was in the habit of urging the propriety of constructing 
a railway which should be exclusively devoted to goofs and 
mineral traffic ran at low speeds as the only condition on 
which large railway traffic of that sort could be profitably 
conducted. 

Having induced some of his Liverpool friends to join him 
in a coal-mining adventure at Chesterfield, a lease was 
tuken of the Claycross estate, then for sale, and operations 
were shortly after begun. At a subsequent period Mr. 
Stephenson extended his coal-mining operatiogs in the same 
neighbourhood ; and in 1841 he himself entered into 4 con- 
tract with owners of land in adjoining townships for the 
working of the coal thereunder ; and pits were opened on the 
Tapton estate on an extensive scale. About the same time 
he erected great lime-works, close to the Ambergate station 
of the Midland Railway, from which, when in full operation 
ha was'able to turn cut upwards of 200 tons a day. The 
Yimestone was brought on a tramway from the village ot 
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Crich, 2 or 3 miles distant, the coal being supplied from his 
adjoining Claycross qplliery. The works were on a scale 
such as had not Lei been attempted by any private 
individual engaged in a similar trade; and we believe they 
proved vuy suowssfal, 





Lime Worksat Ambergate, 


Tapton House was included in the lease of one of the 
collieries, and as it was conveniently situated—being, as it 
were, & central point on the Midland Railway, from which 
he could readily proceed north or south, on his journeys 
of inspection of the various lines then under construction 
in the midland and northern counties—ho took"up his 
residence there, and it continued his home until the close of 
his life. 

Tapton House is a large roomy brick mansion, beauti- 
fully situated amidst woods, upon a commanding erlinence, 
about a mile to the north-east cf the town of Chesterfield. 
Green fields dotted with fine trees slope away from the 
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honse in all directions. The surrounding country is undu- 
lating and highly picturesque. North and south the eye 
ranges over a vast extent of lovely ery; and on the 
west, looking over the town of |d, with ite church 
and crooked spire, the extensive range of the Derbyshire 
hills bounds the distance. The Midland Railway skirts tho 
western edge of the park in a deep rock cutting, and the 
shrill whistle of the locomotive sounds near at hand as 
the trains spec past, The gardens and pleasure-grounds 
adjoining the house were in a very neglected state when 
Mr, Stephenson first went to Tapton; and he promised 
himeelf, when he had secured rest and leisure from busi- 
ness, that he would put a now faco-upon both, The first 
improvement he made was cutting a woodland footpath up 
the hill-side, by which he at tho same time added a beauti- 
ful feature to tho park, and secured a shorter road to the 
Chesterfield station. But it was some years before he 
found time to carry into effect his contemplated improve- 
ments in the adjoining gardens and ‘pleasure-grounds. He 
had so long been accustomed to laborious pursuits, and 
felt himself still so full of work, that he could not &t once 
settle down into the habit of quietly enjoying the fruits of 
his industry. 

He had no difficulty in usefully employing his time. Be- 
sides directing the mining operations at Claycross, the 
establishment of the lime-kilns at Amborgate, and the oun- 
struction of the extensive railways still in progress, he 
occasionally paid visits to Newcastle, where his Jocomotive 
manufactory was now in full work, and the proprietors 
were reaping the Rdvantages of his early foresight in an 
abundant measure uf prosperity. One of his most interest- 
ing visits to the place was in 1838, on the occasion of the 
meeting of the British Association there, when ho acted ax 
one of the Vice-Presidents in the section of Mechanical 
Science. Eairaordinary changes had oocurred mn his own 
fortunes, 88 well as in the face of the country, since he had 
tet appeared before a scientific body in Newcaatle—the 
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member: of the Literary and Philoeophical Institute—to 
submit his safety-lamp for their examination. Twenty- 
three yearw had over his head, fall of honest work, 
of manful struggle ; aad the humble “colliery enginewright 
of the name of Stephenson” had achieved an almost world- 
wide reputation as @ public benefactor. His fallow-towns- 
men, therefore, could not hesitate to recognise his merits 
and do honour to his name. During tho sittings of the 
Association, Mr. Stephenson took the opportunity of paying 
8 visit to Killingworth, accompanied by some of the dis- 
tinguished savans whom he numbered amongst his friends, 
He there pointed out to them, with a degree of honest 
pride, the cottage in which he had lived for so many years, 
showed what parts of it had been his own handiwork, and 
told them the story of the sun-dial over the door, describing 
the study and the labour it had cost him and his son to 
calculate its dimensions, and fix it in its place. Tho dial 
had been serenely gumbering the hours through the busy 
years that had elapsed since that humble dwelling had been 
his home; during which the Killingworth locomotive had 
become a great working powér, and its contriver had exta- 
blished the railway system, which was gow rapidly boooming 
extended in all parts of the world. 

About the same time, his services were very much in 
request at the meotings of Mechanics’ Institutes held 
throughout the northern counties. From an early period 
in his history, he had taken an active interest in these 
institutions. While residing at Newoastle in 1824, shortly 
after his locomotive foundry had been started in Forth- 
atreet, he preeided at a public meeting held in that town 
for the purpose of establishing a Mechanics’ Institute. The 
meeting was held; but as George Stephenson was ep man 
comparatively unknown even in Newcastle at that time, 
his name failed to secure “an influential attendance.” 
Among thuse who addressed the meeting on the occasion 
was Joseph Locke, then his pupil, and afterwards hip rival 
asan engineer. The local papers scarcely notice? the pré- 
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ceedings; yet the Mechanics’ Institute was founded, and 
struggled into existence. Yeara passed, and it was now 
felt to be an honour to secure Mr. Stephenson’ presence at 
any public meetings held for the prorfotion of popular edu- 
cation. Among the Mechanics’ Institutes in his immediate 
neighbourhood at Tapton, were those of Belper and Chester- 
field ; and at their soirécs he was a frequent and a weloomo 
visitor. Qn these ogcasons he loved to tell his auditors of 
tho difficulties which had early beset him through want of 
knowledge, and of the means by which he had overcome 
them. His grand text was—Prusivine; avd there was 
manhood in the very word. 

On more than one occasion, the author bad the pleasure 
of listening to George Stephenson's homely but forcible 
addresses at the annual scirées of the Lecds Mechanica’ 
Institute. He was always an immense favourite with hia 
audiences there. His personal appearance was greatly in 
his favour. A handsome, ruddy, exprestive face, lit up by 
bright dark-blue eyes, prepared one “for his earnest words 
when he stood up to speak apd the cheers had subsided 
which invariably hailed his rising. He was not gli, but 
he was very impressive. And who, so well as he, could 
serve as a guide to the working man in his endeavours after 
higher knowledge? His early life had been all struggle— 
encounter with difficulty—groping in the dark after greater 
light, but alwaya earnestly and perseveringly. His words 
were therefore all the more weighty, since he spoke from 
the fulness of his own experience. 

Nor did he remaip a mere inactive spectator of the im- 
provements in railway working which increasihg experience 
from day to day suggested. He continued to contrive im- 
provements in the locomotive, and io mature his invention 
of the carriage-brake, When examined before the Select 
Committee oa Railways in 1841, his mind scema principally 
to have been impressed with tho neocasity which existed 
for adopging a system of self acting brakes; stating that, in 
histpinion, this was tho most important arrangement thal 
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could be provided for increasing the safety of railway 
travelling. “TI believe,” he said, “ that if self-acting brakes 
were put upon carriage, scarcely any accident could 
take place.” His consisted in employing the mo- 
mentum of the running train to throw his proposed brakes 
into action, immediately on the moving power of the engine 
being checked. He would also have these brakes under 
the control of the guard, by means,of # connecting line 
running along the whole length of the train, by which they 
should at once be thrown out of gear when nocessary. At 
the came time he suggested, as an additional means of 
safety, that the signals of the line should be self-acting, and 
worked by the locomotives as they passed along the railway. 
He considered tho adoption of this plan of so much im- 
portance, that, with a view to the public safoty, he would 
even have it enforced upon railway companies by the legis- 
lature. At tho same time he was of opinion that it was 
the interest of thé companies themselves to adopt the Plan, 
as it would save great tear and wear of engines, conriagen 
tenders, and brake-vans, besides greatly diminishing the 
risk of accidents upon railways. 

While before the same Ccmmities, he took the oppor- 
tunity of stating his views with reference to railway speed, 
about which wild ideas were then afloat—one gentleman of 
celebrity having publicly expressed the opinion that a 
speed of 100 miles an hour was practicable in railway tra- 
velling! Not many years had passed since George Stephen~ 
son had been pronounced insane for stating his conviction 
that 12 miles an hour could be performed by the locomotive ; 
but now that he had established the fact, and greatly ex- 
ceeded that speed, he was thought behind the age because 
hho recommended the rate to be limited to 40 miles an hour. 
He said: “I do not like either 40 or 50 miles an hour upon 
any line—] think it isan unnecessary speed ; and if there is 
danger upon a railway, it is hign velocity that creates it, 
Ishould say no railway ought to exceed 40 milegan hour 
on the most favourable gradient ; but upon a curved Sine 
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the speed ought not to exceed 24 or 25 miles an hour.” 
Ho had, indeed, constructed for the Great Western Railway 
an engine capable of ranning 50 miles’ an hour with a load, 
and 80 miles without one. But he never was in fuvour af 
a hurricane speed of this sort, believing it could only be 
accomplished at an unnecessary increase buth of danger and 
expense. 

“It is troe,“,he observed on othsr occasions, “I have 
said the locomotive engino might be made to travel 100 
miles an hour; but I always put o qualification on this, 
namely, as to what speed would best suit the public, ‘The 
public may, however, be unreasonable; and 50 or 60 miles 
an hour ts an unreasonable speed. Long beforo railway 
travelling became general, i said to my friends that there was 
no limit to the speed of the locomotive, provided the works 
could be made to stand. But there are limits to the strength 
of iron, whether it be manufactured into rails or loco- 
motives; and there iy a point at which ‘both rails and tyres 
must break. Every increase of speed, by increasing the 
strain upon tho road and the solling stock, brings us nearer 
tothat point. At 30 miles a slighter road will do, amd less 
perfeot rolling stock ‘may be run upon it with safety. But 
if you increase the speed by say 10 miles, then everything 
must be greatly strengthened. You must have heavier 
engines, heavier and better-fustened rails, and all your 
working expenses will be immediately increased. I think 
I know enough of mechanics to know where to stop. I 
know that a pound will weigh pound, and that no more 
should be put uponean iron rail than it will bear. If you 
could ensure perfect iron, perfect rails, and perfect loco- 
motives, I grant 50 miles an hour or more might be run 
with bafoty on a level railway. But then you must not 
forget that iron, even the beet, will * tire,’ and with constant 
use will become more and more liable to break at the 
weakest pomt—perhaps where there is a secret flaw that 
the eyb cannot detect. Then look at the rubbishy raila 
now manufactured on the contract system—some of them 
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little better than cast metal: indeed, I have seen raile 
break merely on being thrown from the track on to the 
ground. How is it ible for such rails to stand a 20 or 
80 ton engine dashing over them at the speed of 50 miles 
an hour? No, no,” he would conelugs, “I am in favour of 
low speeds because they are safe, and because they are 
economical; and you may rely upon it that, beyond a certain 
point, with every increase of speed there .18 an increase in 
the element of danger.” 

When railways became the subject of popular discussion, 
many new and unsound theories were started with reference 
to them, which Stephenson opposed as calculated, in his 
opinion, to bring discredit on the locomotive system. One 
of these was with reference to what were called “undu- 
lating lines.” Among others, Dr. Lardner, who had origi- 
nally been somewhat sceptical about the powers of the 
ocomotive, now promulgated the idea that a railway con- 
structed with rising and fallen gradients would be practically 
aa easy to work as a line perfectly level. Mr. Badnell went 
even beyond him, for he held that an undulating railway 
‘was ruch better than a level one for purposes of working. 
For a time, this theory found favour, and the “ undulating 
system” was extensively adopted; but Mr. Stephenson 
never ceased to inveigh against it; and experience has 
amply proved that his judgment was correct. His practice, 
from the beginning of his career until the end of it, was to 
secure a road as nearly as possible on a level, following the 
course of the valleys and the natural line of the country 
preferring to go round a hill rather than to tunnel under it 
or carry his railway over it, and often making a consider- 
able circuit to secure good, workable gradients, Hoe studied 
to lay ont his lines so that long trains of minerdls and 
merchandise, as well as passengers, might be hauled along 
them at the least possible expenditure of locomotive power. 
He had long before sacertained, by careful experiments at 
Killingworth, that the engine expends half of its power,in 
overcoming « rising gradient of 1 in 260, which is about 
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20 feet in the mile ; and that when the gradient is so steep 
as i in 100, not leas than three-fourths of its power is 
sacrificed in ascending the acclivity. He never forgot the 
valuable practica] lesson taught him “by the carly trials 
which he had made and registered long before the advan- 
tages of railways had been recognised. He saw clearly 
that the longer flat line must eventually prove superior to 
the shorter line $f stgep gradients as respected its paying 
qualities. Ho urged that, after all, the power of the looo- 
Motive was but limited ; and, although he and his son had 
done more than any other men to increase its working 
capacity, 1t provoked him to find that every improvemont 
made in it was neutralised by the steep gradionta which 
the new school of engineers were setting it to overcome. 
On one occasion, when Hobert Stephenson stated before a 
Parliamentary Committee that every successive improve- 
ment in the locomotive was being rendered virtually nuga- 
tory by thg difficult and almost imprasticable gradients 
proposed on many of the new lines, his father, on his 
leaving the witness-box, went up to him, and said, “ Robert, 

you never spoke truer words than those in all your lif.” 
To this it must bé added, that in urging these views 
Mr. Stephenson was strongly influenced by commercial 
considerations. He had no desire to bnild up his reputa- 
tion at the expense of railway sharcholders, nor to obtain 
engineering éclat by making “ducks and drakes” of their 
money. He was persuaded that, in order to secure the 
practical success of railways, they must be so laid out as not 
only to prove of decided public utility, but also to be worked 
economically and to the advantage of theif proprietors. 
They were not government roads, but private ventures~~in 
fact, odmmercial speculations. He therefore endeavoured 
to render them financially profitable; and he repeatedly 
declared that if he did not believe they could be “made to 
pay,” he would have nothing to do with them He was 
not infitenced by the sordid consideration of what he could 
out of any company that employed him; indeed, in 
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‘oany cases he voluntarily gave up his claim to remmnera- 
tion where the promoters of schemes which he thought 
praiseworthy had siffered serious loss. Thus, when the 
first application was’ made to Parliament for the Chester 
and Birkenhead Railway Bill, the promoters were defeated, 
‘They repeated their application, on the understanding that 
in event of their succeeding, the engineer and surveyor 
were to be paid their costs in respect of the defeated mea- 
sure. The Bill was successful, and to several parties their 
costa were paid. Mr. Stephenson’s amounted to 4002, and 
he very nobly said, “You have had an expensive career 
in Parliament; you have had a great struggle; you are a 
young Company; you cannot afford to pay me this amount 
of money > I will reduce it to 2001, and I will not ask you 
for that 2001 until your shares are at 202. premium: for 
whatever may be the reverses you will go through, Iam 
satisfied I shall live to see the day when your shares will 
be at 201 premium’, and when I can legally and,honourably 
claim that 2001.” We may add that the shares did eventu- 
ally rise to the premium speaified, and the engineer was no 
loser dy his generous conduct in the transaction. 

Another novelty of the time, with which George Stephen- 
eon had to contend, was the substitution of atmospheric 
pressure for locomotive steam-power in the working of 
railways. The idea of obtaining motion by means of 
atmospherio pressure is said to have originated with Denis 
Papin, moro than 150 years ago; but it slept until revived 
in 1810 by Mr. Medhurst, who published a pamphlet to 
prove the practicability of carrying Igtters and goods by 
air, In 1824, Mr. Vallance of Brighton took out a patent 
for projecting passengers through a tube large enough to 
contain a train of carriages; the tube being previously 
exhausted of its atmospheric air. The same idea was 
afterwards taken up, in 1835, by Mr. Pinkus, an ingenious 
American. Scientific gentlemen, Dr. Lardner and Mr. 
Clegg amongst others, advocated the plan; and an tassogia- 
tiun was formed to carry it into effect, Shares were 
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created, and 18,0002 raised: and a model apparatus was 
exhibited in London. Mr. Vignolles took his friend Ste- 
phenson to seo the model; and after Sarefully examining 
it, he observed emphatically, “Zé won't do: it is only tha 
fixed engines and ropes over again, in another form; and, 
to tell you the trath, I don’t think this rope of wind will 
answer so well as the rope of wire did.” He did not think 
the principle wopld gtand the test of practice, and he 
objected to the modo of applying the principle. After all, 
it was only a modification of the stationary-ongine plan; 
aud every day’s experience was proving that fixed ongines 
could not vompete with locomotives in point of efficioncy 
and economy. He stood by the locomotive enginv; and 
subsequent experience proved that he was right. 

Messrs. Clegg and Samada afterwards, in 1840, patented 
their plan of an atmospheric railway; aud they publicly 
tested its working on an unfinished portion of the West 
London Railway. Tho results of the e2pcriment wore so 
satisfactory, that the directors of the Uublin and Kingstown 
line adopted it between Kingstown and Dalkey. The 
London and Croydon Company also adopted the gtmo- 
spherio principle ; and their line was opened in 1845. ‘The 
ordinary mode of applying the power wus to lay between 
the Line of rails a pipe, in which a large piston was inserted, 
and attached by a shaft to the framework of a carriage. 
The propelling power was the ordinary pressure of the 
atmosphere acting against the piston in the tube on one 
aide, a vacuum being created in the tube on the other side 
of the piston by the working of a stationary engine. Great 
was the popularity of the atmospheric systém; and still 
George Stephenson said “It won’t do: it’s but a gimcrack.” 
Engineers of distinction said he was prejudiced, and that 
he looked upon the locomotive as a pet child of his own 
“Wait a little,” he replied, “and you will see that I am 
right.” It was generaliy supposed that the locomotive 
Rystem ‘vas about to be snuffed out. “Not 50 fast.” said 
Stephenson. “Let ux wait tv cee if it will pay.” He never 
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believed it would. It was ingenious, clever, scicutific, and 
all that; but railways were commercial enterprises, not 
toys; and if the attoospherio railway could not work to a 
profit, it would not do. Considered in this light, he even 
went so far as to call it “a great humbug.” “ Nothing will 
beat the locomotive,” said he, “ for efficiency in all weathers, 
for economy in drawing loads of average weight, and for 
powor and specd as occasion may requyjre.’$ 

The atmosphoric system was fairly and fally tried, and it 
was found wanting. It was admitted to be an excvedingly 
elegant mode of applying power; its devices were very 
skilful, and its mechanism was most ingenious, But it was 
costly, irregular in action, and, in particular kinds of 
weather, not to be depended upon. At best, it was but a 
modification of the stationary-engine system, and experience 
proved it to be so expensive that it was shortly after entirely 
abandoned in favour of locomotive power.* 

One of the remarkable results of the system of railway 
locomotion which George Stephenson had by his. persevering 
labours mainly contributed ,to establish, was the outbreak 
of the railway mania towards the close of his professions] 
career, The sucovss of the first ‘main lines of railway 
naturally Ied 1o their extension into many new districts; 
but a strongly epcoulative tendency soon began to display 
itself, which containcd in it the elements of great danger. 

The extension of railways had, up to the year 1814, been 
mainly effected by men of the commercial classes, and the 
shareholders in them principally belonged to the manufac- 
turing districta,—the capitalista of the metropolis as yet 
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bolding aloof, and prophesying disaster to all concerned in 
railway projects, But when the lugubrious anticipations of 
the City men were found to be so entirely falsified by the 
results-—when, after the lapse of years, it was sxocrtained 
that railway traffic rapidly increased and dividends steadily 
improved—a change came over the spirit of the London 
capitalists. They then invested largely in railways, the 
shares in which Became a leading branch of business on the 
Stock Exchange, and the prices of some roso to nearly 
double their original value. 

A stimulus was thus given to tho projection of further 
lines, the shares in most of which came ont at a premium, 
and became the subject of immediate traffic. A rockloms 
spirit of gambling set in, which cumplotely changed the 
character and objects of railway enterprise. The public 
outaide the Stock Exchange became also infected, and many 
persons utterly ignorant of railways, knowing and caring 
nothing aboyt their national uses, but huftgering and thirst- 
ing after premiums, rushed eagerly into the vortex. They 
applied for allotments, and subscribed for shares in lines, of 
the engineering character or probable traffic of whichsthey 
knew nothing. Provided they could but obtain allotments 
which they could sell at a premium, and put tho profit—in 
many cases the only capital they possessed *—into their 
pocket, it was enough for them. The mania was not con- 
fined to the precincts of the Stock Exchange, but infected 
all ranks. It embraced merchants and manufacturers, 
gentry and shopkeepers, clerks in public offices, and loungera 
at the cluba. Noble lords were pointed at as “stags;” 
there were even clergymen who were chiractensed as 
“bulls ;” and amiable ladies who had the reputation of 
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“ bears,” in the ehare markets. The few quiet men who re- 
mained uninfluenced by the speculation of the time were, in 
not a few oases, even reproached for doing injustice to their 
families, in declining’ to help themselves from the stores of 
wealth that were poured out on all sides. 

Folly and kmavery were, for a time, completely in the 
ascendant. The sharpers of society were let loose, and 
jobbers and schemers became more-ang more plentiful. 
They threw out railway schemes as lures to catch the 
unwary. They fod the mania with a constant succession of 
new projects, The railway papers became loaded with their 
advertisements. The post-office was scarcely able to distri- 
bate the multitude of prospectuses and circulars which they 
issued. For a time their popularity was immense. They 
rose like froth into the upper heights of society, and the 
flunkey FitzPlushe, by virtue of his sapposed wealth, sat 
amongst peers and was idolised. Then was the harvest- 
time of scheming Ikwyers, parliamentary agents, engineers, 
surveyors, and traffic-takers, who were ready to take up 
any railway scheme however desperate, and to prove any 
amount of traffic even where none existed. The traffic in 
the credulity of their dupes was, héwever, the groat fact 
that mainly concerned them, and of the profitable character 
of which there could be no doubt. 

Mr. Stephenson was anxiously entreated to lend his name 
to prospectuses during the railway mania ; but he invariably 
refused. Ho held aloof from the headlong folly of the hour, 
and endeavoured to check it, but in vain. Had he been 
Jess sorupulous, and given his countens ace to the numerous 
projecta abouf which he was consulted, be might, without 
any trouble, have thus secured enormous gains; but he had 
ao desire to accumulate a fortune without labour ana with- 
out honour. He himeelf never speculated in shares. When 
he was satisfied as to the merita of any undertaking, he 
subscribed for a certain amount of capital in it, and held 
on, neither buying nor selling. At a dinner of the 
and Bradford directors at Bea Rydding in October, 1844, 


Cuap. XV. THE RAILWAY MANIA. 291 


before the mania had reached its height, he warned those 
present against the prevalent disposition towards railway 
speculation. It wna, he said, like walking upon a piece of 
ice with shallows and deeps; the shallows were frozen over, 
and they would carry, but it required great caution to get 
over the deeps. He was satisfied that in the course of the 
next year many would step on to places not strong enough 
to carry them, asd would get into the deops; they would 
be taking shares, and afterwards be unable to pay the calls 
upon them. Yorkshiremen were reckoned clever mon, and 
his advice to them was, to stick together and promote com- 
munication in their own neighbourhood,—not to go abroad 
with their speculations. If any had done so, he advised 
them to got their money back as fast as thoy could, for if 
they did not they would not get it at all Ie informed the 
company, at the same time, of his earliest holding of railway 
shares ; it was in the Stockton and Darlington Railway, 
and the number he held was three—“a’ vory large capital 
for him to possess at the time.” Tut a Steckton friend was 
anxious to possess a share, and he sold him one at a pre- 
mium of 33¢.; he supposed he had been about the fires man 
in England to sell a xailway share at a premium, 

During 1845, his son’s offices in Great Goorge-street, 
Westminster, were crowded with persons of various condi- 
tions scoking interviews, presenting very much the appear- 
ance of the leveo of a minister of state. The burly figure of 
Mr. Hndson, the “ Railway King,” surrounded by an admir- 
ing group of followers, wes often to be scen there; and a 
still more interestiag person, in the estimation of many, 
was George Stephenson, dressed in black, his ooat of some- 
what old-fashioned cut, with equare pockets in the taila 
He wore a white neckcloth, and a large bunch of seals was 

* saspended fiom hiswatch-ribbon. Altogether, he presented 
an appearance of health, intelligence, and good humonr, 
that rejaiced one to look upon in that sordid, selfish and 
eventually ruinous saturnalia of railway speculation. 

Lowers were granted by Parliament, in 1845, to construct 

u2 
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not less than 2883 miles of new railways in Britain, ai an 
expenditure of about forty-four millions sterling! Yet the 
mania was not apptased; for in the following session of 
1846, applications wete made to Parliament for powers to 
raise 389,000,000. sterling for the construction of further 
lines; and powers were actually conceded for forming 4790 
miles (including 60 miles of tunnels), at a cost of about 
120,000,0001. sterling. During this session.’ Mr. Stephenson 
appeared as engincer for only one new line,—the Buxton, 
Macclesfield, Congleton, and Crewe Railway—a line in 
which, as a coal-owner, he was personally interested ;—and 
of three branch-lines in connexion with existing oompaniea 
for which he had long acted as engineer. At the same 
time, all the leading professional men were fully occupied, 
some of them appearing us consulting engineers for upwards 
of thirty lines each! 

One of the features of the mania was the rage for “direct 
Hines” which everywhere displayed itself There were 
“ Direct Manchester,” * Direct Excter,” “ Direct York,” and, 
indeed, new direct lines betwwen most of the large towns. 
‘The Marquis of Bristol, speaking in favour of the “ Direct 
Norwich and London” project, at & public meeting at 
Haverhill, said, “1f necessary, they might make a tunnel 
benedth his very drawing-room, rather than be defeated in 
their undertaking!” And the Rev. F. Litchfield, at a 
meeting i Banbury, on the subject of @ line to that town, 
said “He had laid down for himeelf 4 limit to his approba- 
tion of railways,—at least of such as approached the neigh- 
bourhood with which he was connected,—and that limit 
was, that be di not wish them to approach any nearer to 
him than éo run through hie bedroom, with the bedposts for a 
station!” ow different was the spirit which inflvenced 
these noble lords and gentlemen but a few years before! 

The House of Commons became thoronghly influenced by 
the prevailing excitement. Even the Board of Trade began 
to favour the views of the fast echool of engineers, Th thejr 
“Report on the Lines projected in the Manchester and 
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Leeds District,” they promulgated some remarkable viewa 
respecting gradients, declaring themselves in favour of the 
“ondulating system.” They there stated that lines of an 
undulating character “which have gradients of 1 in 70 or 
1 in 80 distributed over them in short lengths, may he 
positively better lines, i. ¢., more susceptible of cheap aud expe- 
ditions working, than others which have nothing steeper 
than 1 in 100 of&1 in 120!” They concluded by reporting 
in favour of the line which exhibited the worst gradients 
and the sharpest curves, chicfly on the ground that it could 
‘bo constructed for less moncy. 

Sir Robert Peel took occasion to advert to thia Report in 
the House of Commons on the 4th of March following, aa 
containing ‘a novel and highly important view on the 
subject of gradients, which, he was certain, nevot could 
have been taken by any Committee of the House of Com 
mons, however intelligent ;” and he might have added, that 
the more intelligent, the lesa likely they were to arrive at 
any such conclusion. When Mr. Stephenson saw this 
report of the Premier’s speech in the newspapers of the 
following morning, he went forthwith to his soy, and 
asked him to write ‘a letter to Bir Robert Peel on the 
subject. He saw clearly that if these views were adopted, 
the utility and economy of railways would be seriously cur- 
tailed. “These members of Parliament,” said he, “are 
now as much disposed to exaggerate the powers of the loco- 
motive, as they were to under-estimate them but a few 

years ago.” Robert accordingly wrote a letter for his 
father’s signature, embodying the views which he so strongly 
entertained as to the importance of flat*gradients, and 
referring to the experiments conducted by him many years 
before, in proof of the great loss of working power which 
was inourr:d on a line of steep as compared with easy gra- 
dients. It was clear, from the tone of Sir Robert Peel's 

in a eubsequent debate, that he bad carefully read 
end ofnsidered Mr. Stephenson’s practical observations on 
tho subject; though it did not appear that he had come 
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to any definite crnclusion thereon, further than that he 
strongly approved of the Trent Valley Railway, by which 
Tamworth would 2¢ placed upon a direct main line of com- 
munication. i 

The result of she labours of Parliament was a tissue of 
legislative bungling, involving enormous loss to the public. 
Railway Bills were granted in heaps. Two hundred and 
seventy-two additional Acts were passed ‘m 1846. Some 
authorised the construction of lines running almost pa- 
sallel to existing railways, in order to afford the public 
“the benefits of unrestricted competition.” Locomotive 
and atmospheric lines, broad-gauge and narrow-gauge 
lines, wero granted without hesitation. Committees de- 
cided without judgment and without discrimination ; it was 
ascramble for Billa, in which the most unscrupulous were 
the most successful. 

Amongst the many ill effects of the mania, one of the worst 
was that it introduéed ,a low tone of morality irto railway 
transactions. The bad spirit which had been evoked by it 
unhappily extended to the commercial classes, and many of 
the mest flagrant swindles of recent times bad their origin 
“in the year 1845, Those who had suddenly gained large 
sams withdut labour, and also without honour, were too 
ready to enter upon courses of the wildest extravagance; 
and a false style of living shortly arose, the poisonous influ- 
ence of which extended through all classes. Men began to 
look upon railways as instraments to job with. Persons, 
sometimes possessing information respecting railways, but 
more frequently possessing none, got ufon boards for the 
purpose of promoting their individual objects, often in a 
very unscrupulous manner ; landowners, to promote branch 
lines through their property; speculators in abares, to trade 
upon the exclusive information which they obtained ; whilst 
some directors were appointed through the influence mainly 
of solicitors, contractors, or engineers, who used them aa 
tools to serve their own ends. In this way the unfortunata 
proprictore were, in many cases, betrayed, and their pro- 
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perty was shamefully squandered, much to the discredit of 
the railway system. 

‘While the mania was at ita height in England, railways 
were also being extended abroad, amd George Stephenson 
wus requested on several occasions to give the benefit, of 
his advice to the directors of foreign undertakings. One of 
the most agreeable of these excursions was to Belgium in 
1845, His special object waa to examine the proposed line 
of the Sambre and Meuse Railway, for which concession 
had been granted by the Belgian legislature. Arrived on 
the ground, he wont carefully over the entiro longth of the 
proposed line, to Convins, the Forest of Ardennes, and 
Rocroi, across the French frontier; examining the bearings 
of the cosl-field, the slate and marble quarries, and the 
numerous iron-mines in existence between tho Sambro and 
the Meuse, as well as carefully exploring the ravines which 
extended through the district, in order to satisfy himself 
that the best possible route had beem selected. Mr. Ste- 
phenson was delighted with the novilty of the journey, the 
beauty of the scenery, and the industry of the population. 
His companions were entertained by his ample and varied 
stores of practical tnformation on all subjects, and hia 
conversation was full of reminiscences of his youth, on 
which he always delighted to dwell when in the society of 
hia more intimate friends. The journey was varied by a 
visit to the coal-mines near Jomappe, where Stephenson 
examined with interest the mode adopted by the Belgian 
miners of draining the pits, inspecting their engines and 
brakeing machineg 60 familiar to him in early life. 

The engineers of Belgium took the opportunity of Mr. 
Stephenson's visit to their country to invite him to a mag- 
nificént banquet at Brussels. The Public Hal), in which 
they ente~ained him, was gaily decorated with flags, pro- 
minent amongst which was the Union Jack, in honour of 
their distinguished guest. A handsome marble pedestal, 
groafented with his bust crowned with laurels, occupied 
one end of the room. The chair was cocupied by M. Massui, 
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the Chief Director of the National Railways of Belgium; 
and the most eminent scientifio men of the kingdom were 
present. Their reception of “the Father of railways” was 
of tho most enthusiastic description. Mr. Stephenson was 
greatly pleased with the entertainment. Not the least 
interesting incident of the evening was his observing, when 
the dinner waa about half over, a model of a locomotive 
engine placed upon tho centre table, under a triumphal 
arch. Turning suddenly to his friend ‘Sopwith, he ex: 
claimed, “Do you see the ‘Rocket’?” The compliment 
thus paid him, was perhaps more prized than all the en- 
comiums of the evening. 
The next day (April 5th) King Leopold invited him to 
@ private interview at the palace. Aocompanied by Mr. 
Sopwith, he proceeded to Laaken, and was very cordially 
received by His Majesty. The king immediately entered 
into familiar conversation with him, discussing the railway 
project which hadcheen the object of his visit to Belgium, 
and then the structire of the Belgian coal-fields,—his 
Majesty expressing his sensq of the great importance of 
soonorgy in a fuel which had become indispensable to the 
comfort and well-being of society, which was the basis of 
all manufactures, and the vital power of railway locomotion. 
The subject was always a favourite one with Mr, Stephen- 
son, and, encouraged by the king, he proceeded to describe 
to him the geological structure of Belgium, the original 
formation of coal, its subsequent elevation by volcanic forces, 
and the vast amount of denudation. In describing the ooal- 
‘beds he used his hat as a sort of model to illustrate his 
ing; and the eyes of the king were fixed upon it as 
he proceeded with his interesting description. The con- 
versation then passed to the rise and progrese of trade and 
manufactures,—Mr. Stephenson pointing out how closely 
they everywhere followed the coal, being mainly dependent 
upon it, as it were, for their very existence. 
The king seemed greatly pleased with the interview, 
and at its close expressed himeelf obliged by the interest- 
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ing information which the engineer had communicated. 
Shaking hands cordially with both the gentlemen, and 
wishing them success in their impdrtant undertakings, 
he bade them adieu. As they weré leaving the palaco 
Mr. Stephenson, bethinking him of the model by which he 
had just been illustrating the Belgian coal-fields, said to 
his friend, “By the bye, Sopwith, I was afraid the king 
would sce tho igsidg of my hat; it’s a shocking bad one!” 
Little could George Stephenson, when brakesman at a coal- 
pit, have dreamt that, in the course of his life, he should be 
admitied to an interview with a monarch, and dosoribo to 
him the manner in which the geological foundations of his 
kingdom had been laid! 

Mr. Stephenson paid a second visit to Belgium in the 
course of the same year, on the business of the West 
Flanders Railway ; and he had scarcely returned from it ere 
he made arrangements to proceed to Spain, for the purpose 
of examining and reporting upon a scheme then on foot for 
constructing “the Royal North of Spain Railway.” A oon- 
cession had been made by the Spanish Government of a 
line of railway from Madrid to the Bay of Biscay,and a 
numerous staff of engineers was engaged in survoying it. 
The directors of the Company had declined making the 
necessary deposits until more favourable terms had been 
secured; and Sir Joshua Walmsley, on their part, was 
about to visit Spain and press the Government on the sub- 
ject. Mr. Stephenson, whom he consulted, was alive to the 
difficulties of the office which Sir Joshua was induced to 
undertake, and offeged to be his companion and adviser on 
the occasion,—declining to receive any reodmpense beyond 
the simple expenses of the journey. He could only arrange 
to be ‘absent for six weeks, and set out from England about 
the middl of September, 1845. 

The party was joined at Paris by Mr. Mackensic, the 
contractor for the Orleans and Tours Railway, then in 
cgurse® of construction, who took them over the worke, and 
socompenied them as far as Tours. They soon reached the 
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great chain of the Pyrenees, and crossed over into Spain. 
It was on a Sunday evening, after a long day's toilsome 
journey through the mountains, that the party suddenly 
found themselves in dne of those beautiful secluded valleya 
lying amidst the Western Pyrenees, A small hamlet lay 
before them, consisting of some thirty or forty houses and a 
fine old church. The sun was low on the horizon, and, 
under the wide porch, beneath the shadow of the church, 
were seated nearly all the inbabitants of the place. 

wore dressed in their holiday attire. The bright hits of 
red and amber colour in the dresses of the women, and the 
gay sashes of the men, formed a striking picture, on which 
the travellers gazed in silent admiration. It was something 
entirely novel and unexpected. Beside the villagers sat 
two venerable old men, whose canonical hats indicated their 
quality as village pastors. Two groups of young women 
and children were dancing outside the porch to the accom- 
paniment of a sinfple, pipe; and within a huydred yards 
of them, some of tho youths of the village were disporting 
themselves in athletic exercises; the whole being carried 
on begeath the fostering care of the old church, and with 
the sanction of its ministers. It was’ beautiful scene, and 
deeply moved the travellers as they approached the principal 
group. The villagers greeted them courteously, supplied 
their present wante, and pressed upon them some fine 
melons, brought from their adjoining gardens. Mr. Ste- 
phenson used afterwards to look back upon that simple 
ee ee 
he had ever witnessed. 

They shortly’ reached tho site of the proposed railway, 
passing through Irun, St. Sebastian, St. Andero, and Bilbao, 
at which places they met deputations of the principal in 
habitants who were interested in the subject of their 
journey. At Raynosa Stephenson carefully examined the 
mountain passes and ravines through which a railway 
could be made. He rose at break of day, and mfrveygd 
until the darkness set in; and frequently his resting-place 
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at night was the floor of some miserable hovel. He was 
thus laboriously occupied for ten days, after which he pro- 
ceeded across the province of Old Castile towards Madrid, 
surveying as he went. The propose plan included the 
purchase of the Castile Canal; and that property was also 
gurveyed. Henext proceeded to El Escorial, situated at the 
foot of the Guadarama mountains, through which he found 
that it would We necessary to construct two formidable 
tunnels; added to which he ascertained that the country 
between El Escorial and Madrid was of a very difficult and 
expensive character to work through. Taking these cir- 
cumstances into account, and looking at the expected traffic 
on the proposed line, Sir Joshua Walmsley, ucting under 
the advice of Mr. Stephenson, offered to construct the line 
from Madrid to the Bay of Biscay, ouly on condition that 
the requisite land was givon the Company for the purpose ; 
that they should be allowed every facility for cutting euch 
timber belanging the Crown as might %e required for the 
purposes of the railway; and also that the materials ro- 
quired from abroad for the construction of the line should 
‘be admitted free of duty. In return for these conogasions 
the Company offered to clothe and feed several thousands of 
convicts while engaged in the execution of the earthworks, 
General Narvaez, afterwards Duke of Valencia, received 
Sir Joshua Walmsley and Mr. Stephenson on the subject of 
their proposition, and expressed his willingness to close 
with them; but it was necessary that other influential 
parties should give their concurrence before the scheme 
eould be carried iato effect. The depntation waited ten 
days to receive the answer of the Spanis® Government; 
ut no answer of any kind was vouchsafed. The authori- 
ties, indeed, invited them to be present at a Spanish bull- 
fight, but that was not quite the business Mr. Stephenson 
had gone all the way to Spain to transact; and the offer 
waa politely declined. The result was, that Mr. Stephensun 
djesuafed his friend from making the necessary deposit at 
Madrid. Besides, he bad by this time formed an anfavour- 
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able opinion of the entire project, and considered that the 
traffic would not amount to one-eighth of the estimate, 

Mr. Stephenson was now anxious to be in 
Doring the journey from Madrid he often epcke with affeo- 
tion of friends and relatives; and when apparently absorbed. 
by other matters, he would revert to what he thought 
might then be passing at home, Few incidents worthy of 
notice occurred on the journey homeward, but one may 
be mentioned. While travelling in an open conveyance 
between Madrid and Vittoria, the driver urged his mulea 
down hill at a dangerous pace. He-was requested to slacken 
apeed; but suspecting his passengers to be afraid, he only 
Argged the brutes intoa still more furious gallop. Observing 
this, Mr. Stephenson coolly said, “Let us try him on the 
other tack; tell him to show us the fastest pace at which 
Spanish mules can go.” The rogue of a driver, when he 
found his tricks of no avail, pulled up and proceeded ata 
more moderate spetd for the rest of the journey. 

Urgent business required Mr. Stephenson’s presence in 
London on the last day ofeNovember. They travelled, 
therefore almost continuously, day and night; and the 
fatigue consequent on the journey, added to the privations 
voluntarily endured by the engineer while carrying on the 
survey among the Spanish mountains, began to tall seriously 
on his health. By the time he reached Paris he was evi- 
dently ill, but he nevertheless determined on pi 
He reached Havre in time for the Southampton boat; but 
when on board, pleurisy developed itself, and it was noces- 
eary to bleed him freely. During the voyage, he spent hia 
time chiefly im dictsting letters and reports to Sir Joshua 
Walmsley, who never left him, and whose kindness on the 
occasion he gratefully remembered. His friend was struck 
by the clearness of his dictated composition, which exhibited 
a vigour and condensation which to him seemed marvellous. 
After a fow weeks’ rest at home, Mr. Stephenson gradually 
recovered, though his health remained severely shaken. - 
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Tue career of George Stephenson was drawing to a close. 
He had for some time ken giadually retiring from the 
more active pursuit of railway engincering, end confining 
himself to the promotion of only a few undertakings in 
which he took @ more than ordmary personal interest. In 
1840, when the extensive main lines in the Midland 
districts had been finished and opencd for traffic, he pub- 
licly expres..d his intention of withdrawing fiom the 
profession. He had reached saty, and, having spent the 
greater part of his hfe in very haid work, he naturally 
degired teat and retiicment in his old age. There was the 
loss necessity for his continuing “in harness,” as Robert 
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Stephenson was now in fall career aa a leading railway en- 
fineer, and his father had pleasure in handing over to him, 
with the sanction of the companies concerned, nearly all the 
railway appointments which he held. 

Robert Stephenson amply repaid his father’s care. The 
sound education of which he had laid the foundations at 
school, improved by his subsequent culture, but more than 
all by his father’s example of application, industry, end 
thoroughness in all that he undertook, told powerfully in 
the formation of his character, not leas than in the disci- 
pline of his intellect. His father had carly implanted 
in him habits of mental activity, familiarized him with the 
Jaws of mechanics, and carefully trained and stimulated his 
inventive faculties, the first great fruits of which, as we 
havo seen, wero exhibited in the triumph of the “ Rocket” 
at Rainhill “1 am fully conscious in my own mind,” said 
the son at a meeting of the Mechanical Enginoers at 
Newoastle, in 185& “how greatly my civil engineering has 
been regulated and influenced by the mechanical know- 
ledge which 1 derived directly from my father; and tho 
more my experience has advanced, the more convinoed I 
have become that it is necessary to educate an engineer in 
the workshop. That is, emphatically, the education which 
will render the engineer most intelligent, most usefal, and 
the fullest of resources in times of difficulty.” 

Robert Stephenson was but twenty-six years old when 
the performances of the “ Rocket” established the practiva- 
bility of steam locomotion on railways. He was shortly 
after appointed engineer of the Leicester and Swannington 
Railway; after which, at his father’s request, ho waa 
made joint engineer with himself in laying out the Lon- 
don and Birmingham Railway, and the execution of that 
line was afterwards entrusted to him as sole 
The stability and excellence of the works of that railway, 
the difficulties which had been successfully overcome in the 
course of its construction, and the judgment which +7as dis- 
played by Robert Stephenson throughout the whole conduct 
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of the undertaking to its completion, established his repu- 
tation as.an engineer; and his father could now look with 
confidence and with pride upon his ‘son’s achievementa, 
From that time forward, father and son worked iogether as 
one man, each jealous of the other's honour; and on tho 
father’s retirement, it was generally recognized that, in the 
sphere of railways, Robert Stephenson was the foremoat 
man, the safest pide, and the most active worker. 

Robert Stephenson was subsequently appointed engineer 
of the Eastern Counties, the Northern and Eastern, and the 
Blackwall railways, besides many lines in the midland and 
southern districts. When the speculation of 1844 set in, 
his services were, of course, groatly in request. Thus, in 
one session, we find him engaged as engincer for not fewer 
than 33 new schomes. Projectors thought thomselves for- 
tunate who could secure his name, and he had only to 
propose his terms to obtain them. The work which he 
performed at this period of his life wae indeed enormous, 
and his income was large beyond dny previous instance of 
engineering gain. But much of his labour was heavy 
hackwork of & vary uninteresting character. During the 
sittings of the committees of Parliament, almost every mo- 
ment of his time was occupied in consultations, and in 
preparing evidence or in giving it. The crowded, low- 
roofed committee-rooms of the old Houses of Varliament 
were altogether inadequate to ecoommodate the rush of 
perspiring projectors of bills, and even the lobbies were 
sometimes choked with them. To have borne that noisome 
atmosphere and heat would have tested the constitutions 
of salamanders, and engineers were only human, With 
brains kept in a state of excitement during the entire day, 
no wonder their nervous systems became unstryng. Their 
only chance 2f refreshment was during an occasional rush to 
the bun and sandwich stand in the lubby, though some- 
times even that resource failed them. Then, with mind 
apd b&dy jaded—probably after undergoing a series of oon- 
sultations upon many bills after the rising of the committess 
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—the exhausted engineers would seek to stimulate nature 
by a late, perhaps a heavy, dinner, What chance had any 
ordinary constitution of surviving such an ordeal? The 
consequence was, that stomach, brain, and liver were alike 
irretrievably injured; and hence the men who bore the 
brant of those strugglee—Stephenson, Brunel, Locke, and 
Errington—have already all died, comparatively young men. 

In mentioning the name of Brunel, we are reminded of 
him as tho principal rival and competitor of Robert Stephen- 
son. Both wore the sons of distinguished men, and both 
inherited tho fame and followed in the footsteps of their 
fathers. The Stephensons wore inventive, practical, and 
sagacious; the Brunels ingenious, imaginative, and daring. 
The formor were as thoroughly English in their characteris- 
tios as the latter were perhaps as thoroughly French. The 
fathers and the sons were alike successful in their works, 
though not in the same degree. Measured by practical and 
Profitable results, th> Stephensons wore unquestionably the 
safer men to follow. 

Robert Stephenson and Isambard Kingdom Brunel were 
destined often to come into collision in the course of their 
professional life. Their respective railway districts 

“marched” with each other, and it became their business 
to invade or defend those districts, according as the policy 
of their respective boards might direct. The gauge of 7 
feet fixed by Mr. Brunel for the Great Western Railway, 80 
entirely different from that of 4ft. 8in. adopted by the 
Stephensons on the Northern and Midland lines, was from 
the first a great cause of contention. But Mr. Brunel had 
always an aversion to follow any man’s lead; and that 
another engineer had fixed the gauge of a railway, or built 
a bridge, or ,designed an engine, in one way, was of Itself 
often a sufficient reason with him for adopting an altogether 
different course. Robert Stephenson, on his part, though 
lesa bold, was more practical, preferring to follow the old 
routes, and to tread in the safe steps of his father. ™ 

Mr. Brunel, however, determined that the Great Western 
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should be s giant’s road, and that travelling should be 
conducted upon it at double speed. His ambition wea to 
make the best road that imagination cauld devise; whereas 
the main object of the Stephensons, both fathor and son, 
‘was to make a road that would pay. Although, tried by 
the Stephenson test, Bronel’s magnificent road was a 
failure so far as the shareholders in the Great Western 
Company were cncemed, tho stimulus which his ambitious 
designs gave to mechanical invention at the time proved 4 
general good. The narrow-gauge engineers exerted them- 
selves to quicken their locomotives to the utmost. They 
improved and re-improved them; tho machinery was 
simplified and perfected; outside cylinders gave place to 
inside; the steadier and more rapid aud effective action of 
the engine was secured; and in a few years the highest 
speed on the narrow-gauge lines went up from 30 to about 
50 miles an hour. For this rapidity of progress wo are in 
no small degree indebted to the stimulus imparted to the 
narrow-gauge engineers by Mr. Brunel. And it is well for 
@ country that it should possess men such as he, to 
dare the untried, and to venture boldly into new paths. 
Individuals may suffer 'from the cost of the experiments; 
‘but the nation, which is an aggregate of individuals, gains, 
and 80 does the world at large. 

Tt was one of the characteristics of Brunel to believe in 
the suoceas of the schemes for which he was professionally 
engaged as engineer; and he proved this by investing his 
savings largely in the Great Western Railway, in the South 
Devon atmospheric lille, and in the Great Esstern steam- 
ship, with what results are well known. Hobert Stephen- 

eon, on the contrary, with characteristic caution, towards 
the latter years of his life avoided holding ungdaranteed 
railway shares, and though he might execute magnificent 
structures, such as the Victoria Bridge across the St. 
Lawrence, he was careful not to embark any portion of his 
own fortune in the ordinary capital of these concerns. In 
1845, he shrewdly foresaw the irevitable crash that was 

¥ x 
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abont to fullow the mania of that year; and while shares 
were still at a premium he took the opportunity of selling 
out all that he had. , He urged his futher to do the same 
thing, hut Genge's reply wus characteristic. “No,” anid 
ho; “TE tock my shares for an investment, and not to 
apeculate with, aud 1 wm not going to ell them now 
because folks have gone mad about railways.” The conse- 
qnence was that he continued to hold dhe &0,0U0L whick be 
ud invested in the shares of various railways until his 
death, when they wer ut once suld aut by his son, though 
ata grat deprecintion ou their original cost. 

One of the hardest battlon fought between the Stephensons 
and Brunel was for the milway between Newcastle and 
Rerwick, forming part of the reat Euxt Coast routo to 
Scotland, As carly ay 18 16, George Stephenson had sur- 
veyed two lines to cmnect Edinburgh with Newcastle: one 
ly Berwiek and Dunbar along the coast, and the other, 
more inland, by Carter Fell, np the vale of thodiala, to the 
northern capital; but both projects lay dormant for 
several years longer, until fhe completion of the Midland 
and “other main lines us far north as Newoastle, had the 
eflict of again reviving the subject of the extension of 
the route a» far ax Edinburgh. 

On the 18th of June, 1844, the Newcastle and Darlington 
lino—an impo taut link of the great main highway to tho 
north—was completed and pudlicly opened, thus connecting 
the ‘Thamcer and the Tyne by a continuous line of railway. 
On that day the ptephensona, with a distinguished party 
of railway mgn, travelled by express ¢rain from London to 
Nowoastio in about nine hours. It was a great event, and 
was worthily celebrated. The population of Newcastle 
held holigay ; and a banquet given in the Assembly Rooms 
the same uvening assumed the form of an ovation to George 
Stephenson and hia son. Thirty years before, in the 
oapecity of a workman, he had been labouring at the oon- 
struction of his first locomotive in the immediate thigh'our- 
hood. By slow and laborious steps he had worked his way 
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on, dragging the locomotive into notice, and raixing himself 
in public estimation; until at length he had victoriously 
established the railway ayxtem, and went back amongst his 
townamen to rvocive their greeting. 

After the opening of this railway, the project of the East 
Coast line from Neweastle to Berwick was revived : and 
George Stepheuson, who had already identified himself with 
the question, andgwag, intimately acquainted with every foot 
of the ground, was called upon to assist the promoters with 
his judgment and experience, He again recommended ax 
atrougly as before the line he had previously surveyed ; 
and on its being adopted by the local commiites, the 
necessary steps were taken to have the shemo bronght. 
before arliament in the ensuing session, The East Const 
line was not, however, to be allowed to pas without a fight. 
On the contrary, it had to encounter ax stout an opposition 
aa the Stephensons had ever experienocd. 

We have glrcady stated that about hil time the plan of 
substituting atmospheric pressure for locomotive steam. 
power in the working of railways, had become very popular. 
Many eminent engineers supported the atmospheric sytem, 
and a strong party if larliament, headed by tho Prime 
Minister, were greatly dispused in its favour, Mr. Branel 
warmly espoused the atmoxpheric principle, and hiv persua. 
sive manner, as well as his admitted svicntifio ubility, 
anquestionably exercised considerable influence in deter- 
mining the views of many Icading members of both Hunnex. 
Amonget others, Lord Howick, one of the members for 
Northumberland, adopted the new principle, ad, posesning 
great local influence, he sucowded in forming a powerful 
cunfederacy of the landed gentry in favour of Brunel’y 
atronspieric railway through that county. . 

George Stephenson could not brock the idea of secing the 
looomotive, for which he had fought so many stout battlex, 
pushed to one side, and that in the very county in which 
its great* powers had been first develuped. Nor did he 
rolish the appearance of Mr. Brunel as the engineer of Lord 
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Howick'’s scheme, in opposition to the line which had 
occupied his thoughts and been the object of his strenuous 
advocacy for so many years, When Stephenson firet met 
Brunel in Neweustle, he good-naturedly shook him by the 
collar, and asked “What business he had north of the 
Tyne!” George gave him to understand that they were 
te havo @ fair stand-up fight for the ground, and, shaking 
hands before the battle like Englishmen; they parted in 
good humour, A public mecting wan held at Newcastle in 
the following Deovtmber, when, after # full discussion of the 
writs of the respective plana, Stephenson's line was almost 
unanimously adopted as the best. 

The rival projects went before Parliament in 1845, and 
@ sovere content cusued. The display of ability aud tactics 
on both sides was great. Robert Stephenson wus examined 
ut great length as to the merits of the locomotive line, and 
Brunel at equally great leugth as to the merits of the 
atmoxphoric system, Mir. Brunel, in his evidence, said that 
after numerous experiments, he had anived at tho conelu- 
sion that the mechanical cbutrivance uf the atmospheric 
nysterm .was perfectly applicable, and be believed that it 
would likewise be more cvonomical in most cases than looo- 
motive power. ‘In short,” waid he, “rapidity, comfort, 
safety, and coynomy, are its chief recommendations,” 

But the locomotive again triumphed. The Stephenson 
Coast Line sccured the approval of Parliament; and the 
shareholders in tho Atmospheric Company were happily 
provented investing their capital in what would unques- 
tionably have. proved a gigantic blusder. For, less than 
three years later, the whulo of the atmospheric tubes which 
had bven laid down on other lines were pulled up and the 
materials sold—including Mr. Brunel's immense tube on 
the South Devon Hailway—io make way for the working 
of the locomotive engine. George Stephemon’s first verdict 
of “It won't do.” was thus conclusively confirmed, 

Robert Stephenson used afterwards to describe with 
great gustc an interview which took place between Lord 
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Howick and his father, at his office in Great George Street, 
during the progress of the bill in Pasliament. Ilis father 
was in the outer office, where he nseq to spend a good deal 
of his spare time; occasionally taking a quict wrestle with 
afriend when nothing else was stirring. On the day in 
question, Gicurge was standing with his back to the fire, 
when Lord Howick called to seo Robert. Oh! thought 
George. he bas ome to try and talk Robert over about that 
atmospheric gimerack ; bat Ill tackle hin Lordship. “Come 
in, my Lord,” said he, * Robert's busy; brit TH answer 
your purpose quite as well: sit down here, if you please,” 
George began, “Now, my Lord, [know wery well what yon 
have come about; it’k that atmospheric in tho north; | 
will show you in less than five minutes that it can never 
answer.” “If Mr Robert Stephenson is not at liberty, 
I can call again,” said his Lordship. “Iles certainly oo- 
cupied on important business just at present,” was George's 
answer; “dnt I can tell yon far better than he can what 
nonsense the atmospheric system in: Robert's gol natured, 
you see, and if your Lordship*were to get alongside of him 
yon might talk him over; 8 you have leen quiteshitky in 
meeting with mo. Sow, just look ut tho question of ex- 
pense,"—and then he proceeded im his strong Dorie to 
explain his views in detail, until Lord Howick could stand 
ff no longer, and he row und walked townids tho door. 
George followed him down stairs, to finish his demolition of 
the atmospheric system, and hiy parting words wero, “ Yor 
may take my word for it, my Lord, it will never answer.” 
George afterwards “old his son with glee af “the scttler” 
he had given Lord Howick. 








© «When zy father came about | ‘falls" (onmetimes [Yhought they 
the offre, “said Robert, “he some- | would bring the house down be 
times did not well know what to! tween they that they broke half 
do with himself. Ko ho usol to. tho chairs in my outer oltice. I 
invite Bidder to have @ wrestle + remember once seviling my father 
be ‘itt, for old acquaintance’, in a jeiner’s bill of about 2 1m, 
._ And the two wrestled to- | for manding broken cbelra 
gether wo often, azd had many 
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So cosely were the Stephensons identified with this 
Measure, and ro great was the personal interest which they 
were both known ty take in its success, that, on the news 
of the triumph of ihe bill reaching Newoastle, a sort of 
general holiday tock place, and the workmen belonging to 
the Stephenson Locomotive Factory, upwards of 800 in 
number, walked in proocssion through the principal streeta, 
of the town, accompanied with music and Wanners, 

It is unnccessary te enter into any description of the 
worka on the Newcastle and Berwick Railway. There are 
no fewer thon 110 bridges of al] sorts on the line—some 
under and some over it. But by far the most formidable 
pivoe of masonry work on this milwny is at its northern 
extremity, where it passes acres the Tweed into Scotland, 
immediately opposite the formerly redoubtable castle of 
Jsurwick. Not many contarics had passed sinco the district 
amidst which this bridge stands was the rcene of almost 
constant warfare. ‘Berwick was regurded ax ¢he key of 
Scotland, and -was fiercely fought for, sometimes held by 
# Sootch and sometimes by an English garrison, Thongh 
strongly. fortified, it was repeatedly tuken by assault. On 
its capture by Edward L, Bootius sayw 17.000 persons were 
slain, so that its stretts “ran with blood like a river.” 
Within sight of the ramparts,a little to the west, is Halidon 
Hill, where a famous vietory was gained by Edward JIL, 
over the Scottish army under Douglas; and there is scarcely 
a foot of ground in the neighbourhood bat has been the 
soone of contention in days long past. In the reigns of 
Jamos I and (‘harles [.. a bridge of 15 arches was built 
across the Tweed at Berwick; and in our own day a rail- 
way-bridge of 28 arches has been built a little above the old 
one, but ate much higher level. The bridge built by the 
Kings. out of the national resourevs, cost 15,0001, and oo- 
cupied 24 years and 4 months in the building; the bridge 
built by the Railway Company, with funds drawn from 
private resources, cost 120,0001,, and was finished int 3 yenry 
and 4 months from the day of laying the foundation-stone, 
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This important viaduct, built after the design cf Robert 
Stephenson, consists of a ecries of 28 semicircular arches, 
each 61 foot 6 inchc, in span, the greatest height above the 
bed of the river being 126 feet. The whole is built of 
ashlar, with a hearting of rubblo; exoepting the river parts 
of the arches, which are constructed with bricks laid in 
cement. The total length of the work is 216u feet. The 
foundations of the piers were got in by oyffor-dame in the 
ordinary way, Nanmnyth’s steam-hammer fing extensively 
nad in driving the piles. he bearing piles, from which 
the foundatious of the piers were built up, were each capable 
of carrying 70 tons. 

Another bridge, of still greater importanoe, necessary to 
complete the continuity of the East Coast route, was the 
masterwork erectod by Nobeit Stephenson between the 
north and south banks of the ‘Fyne at Newcastle, commonly 
known as the High Level Bridge. Mr. It. W. Brandling, 
Goorge Stephenson's curly friend, in entitled tg the merit 
of originating tho idea of thin bridge a» it was eventually 
carried out, with a contral t1minus for the northern rail- 
ways jn the Castle Garth. The plan was first promulgated 
by him in 1841. and in tho following, year it was resolved 
that Gearge Stephenson should be consulted as to the most 
advisable site for the propmed structure. A prospectus of a 
Tligh Level Bridge Company was issued in 1845, the names 
of George Stephenson and George Iludson appearing on the 
committce of ~management, Robert Stephenson being the 
consulting engineer. ‘I'he project waa eventually taken 
up by the Newcastle and Darlington, Railway Company, 
and an Act for’ the constraction of the bridge was obtained 
in 1845, 

The rapid extension of railways had given an ‘extra- 
ordinary stimulus to the art of bridge-building; the number 
of such structures erected in Great Britain alone, since 
1630, having been above 25,000, or more than all that 
had before existed in the country. Instead of the trectipn 
of a single large bridge constituting, as formerly, an epoch 
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in enginecring. hundreds of extensive bridges of novel 
design were simultaneously constructed. Tho necessity 
which existed for carrying rigid roads, capable of bearing 
heavy railway trains at high speed over extensive gupe 
frea of support, rendered it obvious that the methods 
which had up tu that tine been employed for bridging 
space were altogether insufficient. ‘The railway engineer 
could not, like the ordinary road engineer, divert his road. 
and make choice’ of fhe best } fur crossing a river or 
avalley, We must take such ground as lay in the line of 
his railway, be it bog. or mud, or shifting sand. Navigable 
rivers and crowded thoronglifires had to be crossed without 
interruption to the existing traffic, sometimes by bridges at 
right angles to the river ar road, amnetines by arches more 
or lesa oblique. In many cases great difficulty arose from 
the limited nature of the headway: but, ay the level of the 
original rod must genenily be preserved, and that of 
the railway, was in a measure fixed and determined, it wan 
neoesury to modify the form and stritetur: of the bridge, in 
almost every cane, in order #0 comply with the public 
requirernents, Novel conditions were met ly fresh igrven- 
tions, and difficulties of the most anneal charactor were 
ono after another sneceefully snrmomuted. In executing 
theve extraordinary works, iron bux been throughont the 
shect-anchor of the engineer. Iu its d sut forms of cast 
or wrought iron, it offered a valurble resource, where 
rapidity of execution, great strength, and cheapness of 
construction in the first instance, were clements of prime 
importance ; und by, its skilful use, the railway architect 
was enabled tu achieve results which thirty yrars ago would 
scarcely have been thought possible. 

In many of the carly cant-iron bridges the old form of the 
arch was adupted. the stability of the structure depending 
wholly on compression, the only novel feature being the nse 
of iron instead of stone, ut in a large proportion of casoa, 
the arche with the railroad over it, was found inapplicable 
in consequence of the limited headway which it provided. 























314 EARLY 180N BRIDGES, Caas, XVL 


Hence it early occurred to George Stephenson, when con- 
strnoting the Liverpool and Manchester Railway, to adopt 
the simple cast-iron bram fur tho crossing of several roads 
and canals along that*line—this beam resembling in some 
mavasure tho lintel of the carly temples—the pressure on 
the abutments being purely vertical. One of tho carliest 
instances of this kind of bridge wns that crected over 
Water Street, Manchester, in 1829; after, which, cast-iron 
girders, with their lower webs considerably larger than 
their upper, were ordinarily «mployed where tho span 
was moderate; and wrought-iron tie rods below wore 
added to give increased strength where the ‘span was 
greater. 

The next step was the contrivance of arched beams or 
howstring girders, firmly hud together by horizontal ties to 
resist the thrunt, instead of abutments, Nimncrons excellent 
spechnens of this description of bridge were erected hy 
Robert Stephenscf on the original London argl Birming- 
ham Railway ; but by far the grandcst work of the kind— 
perfect a8 a specimen of modern constructive skill—was the 
Highs Tevel Bridge, which we owe to the genius of the 
same engincer. * 

The problem was, to throw a ruilway bridge across the 
dvop ravine which lies between the towns of Newcastle and 
Gateshead, at the bottom of which flows the navigable 
rivor Tyne. Along und up the sides of the valley—on the 
Newcastle bank espevially—run streets of old-fashioned 
houses, clustered. together in the strange forms peculiar to 
the older cities, The ravine is of great sdepth—s0 deep and 
80 gloomy-looking towards dusk, that local tradition records 
that when the Duke of Cumberland arrived late in the 
evening at, tho brow of the hill overlooking the Tyne, on 
his way to Culloden, he eaclaimed to his attendants, on 
looking down into the black gorge before him, “For God's 
sako, don't think of taking me down that coal-pit at this time 
of night!” The road down the Gateshead High Streey is 
almost as steep as the roof of a house, and up the Newoastle 
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Side, as the street there is called. it is little better. During 
tmany centuries the traffic north and south passed along this 
dangerous and difficult ronte, over the old bridge which 
crosses the river in the bottota of the Valley. For about 30 
years the Newcastle Corporation bad discued various 
methods of improving the communication between the 
towns; and the discussion might have gone on for 30 years 
inure, but for the advent of railways, when the skill and 
enterprise tu which they gave birth spevdily solved the difti- 
culty and bridged the ravine. The local authorities udrvitly 
touk advantage of the oppurtunity, and insisted on the pro- 
vision of a road for ordinary vehicles and foot pusrengers in 








one of the striking peculiarities of the High Level Bridge, 
which serves two purpuser, being a railway above and a 
carriage roadway underneath. 

The breadth of the river at the point of crossing is 515 
feet, but the length of the bridge and vindnct between the 
Gateshead station and the tenminuy on the Newcastle nide 
is about 4000 feet, It springs from Vipewell Gate Bank, 
on the south, directly across to Cantley Garth, whery, aearly 
fronting the bridge, Stands the fine oll Norman wp of 
the New Castle, now nearly kv0 year old, and a Title 
‘beyond it is the spire of St. Xichelas Church, with ils light 
and graceful Gothic crown; the whole forming « grind 
architectural group of unusnil historic interest, ‘Tho 
Inidye pases completely over the: roofs of the houses which 
fill both sides of the valley; und the extraordinary height 
of the upper parapef} which is about 150 feok above the bed 
of the river, offers a prospect tw the passing traveller the 
like of, which is perhaps nowhere clye to be sen. Var 
below are the queer chures and closes, the wynds and linca 
of old Newcastle; the water is crowded with pudgy, black, 
coal keels; and, when there is a purtiul dispersion of the 
great smoke clouds which usually obscure the sky, tho 
furmels of steasmers and the masts of shipping may be seen 
far down the river. The old bridge lies so far beneath that 








316 PILE-DRIVING BY STREAM. ‘Cuay, XVI. 


the passengers crossing it seem like so many beea passing 
to and fro. 

The first difficulty encountered in building the bridge 
was in secnring « bulid foundation for the piers. The 
dimensiuns of the piles to be driven were so huge, that the 
engineer found it necessary to employ some extraordinary 
means for the purpose. Ho called Nasmyth’s ‘Titanic 
steam-hammer to his aid—tho first occasion, wo believe, un 
which this prodigious power was employed in bridge pile- 
driving. A temporary staging was crected for the steam- 
engine and hammer apparatus, which rested on two keels, 
and, notwithstanding the newness and stiffness of the ma- 
chinory, the first pile wus driven on the 6th Octuber, 1846, 
toa dopth of 52 feet, in fuur minutes. Two hammers cf 
30 cwt. cach were kept in regular use, making from 60 to 
70 strokes © wninnte; and the results were astounding tu 
those who had been accustumed to the old style of pile 
driving by means of the ordinary pilc-frame, consisting of 
slide, ram, and monkey. By the old system, the pile was 
driven by a comparatively small mass of iron descending 
with great velocity from a considerable height—the velo- 
city boing in excess and the mass deficient, and calculated, 
like tho momentum of a cannon-ball, rather for destructive 
than impulsive action, In the case of the steum pile-driver, 
on the contrury, the whole weight of @ heavy muss is 
delivered rapidly upon a driving-block of several tons 
weight placed diretly over the head of the pile, the 
weight never ceasing, and the blows being repeated at 
the rate uf a blow a second, until the pile is driven home. 
It is @ curious fact, that the rapid strokes of the steam 
hammer evulved so much heat, that on many occasions the 
pile-head burst into flames during the prowess of driving, 
"The elastic force of steam is the power that lifts the ram, 
the escapo permitting its entire force to fall upon the head 
of the driving block; while the steam above the piston on 
the uppor part of the cylinder, acting as a buffer or reavil- 
spring, materially enhances the effect of the downward 
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blow. As seon as one pile was driven, the traveller, ho- 
vering overhead, presented another, and dewn it went into 
the solid bed of the river, with almost as much eaxo as a 
lady eticks pins into a cuchion, By tHe aid of this powerful 
machine, pile-driving. formerly among the most costly and 
tedious of engineering operations, became eaxy, rapid, and 
comparatively economical 

When the pibs bad been driven and the coffer-dams 
formed and puddled: the water within the enclosed spaces 
was punped out by the aid of powerful engines, so as, 
if porsible, to lay bare the ed of the river. Considerable 
difficulty was experienced in getting in the foundations of 
the middle pier, in consequence uf thr water forcing iteelf 
through the quicksind beneath ns faxt as it was removed. 
This froith ws labour went on fur months, and many expe- 
dienta werg tried. Chalk was thrown in in Jarge qnanti- 
ties outside the piling, but withont effect. Cement concrete 
was at last put within the coffer-dam, until it wt, und the 
bottom war then found to be secure. A bed of concrete 
was laid up to the level of the’ hends of the piles, tho fuun- 
dation course of stone blocks being conunenced akoné, two 
feet below low water.’and tho building proceeded without 
furthor difficulty. It may serve tu give an idea of the 
magnitude of the work, when we stute that 400,000 enbic 
feet of ashlar, rubble, and cuncrete were worked up in 
the picrs, and 450,060 cubic fect in the Jand-arches and 
approaches. 

The most novel feature of the stracture is the use of cant 
and wrought iron “in forming the double bridge, which 
admirably combines the two principles of the arch and 
mspension; the railway being carried over the back of the 
ribbed’ arches in the usual manner, while tho ceyringe-road 
and footpaths, forming a long gallery or aislo, are suxpended 
from these arches by wrought-iron vertical rods, with hori- 
zontal tie-bure to resist the thrast, The suspension-bults 
are encieed within epandril pillars of cast iron, which 
give great stiffness to the superstructure. This system of 
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High Level Buidge—Ltevatton of ane Avib 


Jongitndinal and vertical bracing has been much admired, 
fur it not only accomplishes the primary object of securing 
rigidity in the roadway, but at the same time, by its graco- 
ful arrangement, heightens the beauty of the stracture, 
‘The arches connint of four main ribs, disposed in pairs with 
a clear distance between the two inner arches of 20 feet 
4 inches, forming the carriage-road, while between each of 
the innor and vuter ribs there is a spaco of 6 fect 2 inches, 
constituting the footpsths. Each arch is cast i five sepa- 
rate lengths or seginents, strongly bolted together. Tho 
ribs spring from horizontal plates of cast irun, bedded and 
scourdd om tho tone piers. All the abutting joints were 
carefully executed by muchinery, tho fitting being of the 
most perfect kind. In order to provide for the expansion 
and contraction of the iron arching, and to prescrvo the 
equilibrium of the piers without disturbance or racking of 
the other parts of the bridge, it was arranged that the ribs 
of every two adjoining arches resting on tho same pier 
should bo secured to tho springing-plates by keys and 
joggles ; whilst on the next piers on ‘either side, tho ribs 
remained free and were at liberty te oxpand or contract 
according te tempernture—a space being loft for tho pur- 
pose. lfefioo cach arch ix completo and independent in 
itself, tho piers having simply to sustain their vertical pres- 
sure. There are aix arches of 125 feet span each; the two 
approaches to the bridge being formed of cast-iron pillars 
and bearers in keeping with the arches, 

The result is a bridge that for massive solidity may be 
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pronounced unrivalled. It is perhaps the most magnificont 
and atriking of all the bridges to which railways have given 
birth, and has been worthily styled * the Kiag of muilway 
structures.” It is a monument of thi highest engincering 
ekill of our time, with the impress of power grandly 
stamped upon it It will alo be ubsecved, from the 
drawing placed as the frontispiece of this buck, that the 
High Level Rridze forms a very fine vbject in a picture 
of great interest, full of striking architectural variety and 
beauty, The bridge was opencd on the 15th August, 124), 
and a few days ufter the royal train parsed over it, hulti 
for a few minutes to enable her Majesty to survey the won- 
derful scene below. In the course of the following year the 
Queen opened the extennive stone viaduct across the Tweed, 
above described, by which the last link was completed of 
the cuntinuvus line of railway between Loudon aud Edin- 
burgh. Over the entrance to the Berwick ntation, occupy- 
ing the sitesf the once redoubtable Burder fortrens, s0 uften 
the deadly battle-ground of the ancicut Sects and English, 
‘was erected an arch under wuich the rvyul train pussed, 
bearing in large letters of guld the appropriate, words, 
The last act of the Union.” 

The warders at Berwick no longer look out from the 
castlo walls to desory the glitter of Southron speara Tho 
Dell-tower, from which the alarm was sounded of old, 
though still standing, is deserted; the only bell heard 
within the precincts of the old castle being the railway 
porter’s bell announcing the arrival and departure of traina. 
You see the Scotch express pass along the bridge and speed 
southward on the wings of steam. Hut nv alarm spreads 
along the border now. Northumbrian beeves are safe. 
Chovy-Chaso and Otterburn are quiet shecp-pastires, ‘The 
only men at arms on the battlements of Alnwick (‘astle are 
of stone. Bamborough Castle has beoume an asylum for 
shipwrecked mariners, and the Norman Keep at Newcastle 
hac been converted into a Museum of Antiquities. ‘The 
railway has indeed consummated the Union. 
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CHAPTER XVII, 


Rovgnt Srxruxneow’s Tusutaz Baiwcxs at Mewar axp 
Coxway, «ft 


We have now to describe briefly another great undertaking, 
begun by George Stephenson, and taken up and completed 
by his son, in the course of which the latter carried out 
some of his greatest works—we mean the Chester and 
Holyhead Railway, completing the railway connection 
with Dublin, as the Newcastle aud Berwick line completed 
the connection with Edinbargh. It will thus be scen how 
clovely Telford wat followed by the Stephensons in per- 
fecting the highways of their rexpective epochs » the furtacr 
by means of tarnpike-roads, and the latter by meanh of 
railways. 

George Stephenson surveyed a line from Chester to 
Holyhead in 1838, and at the same ‘time reported on the 
line throngh North Wales tu Port Dyullacn. proposed by 
the Trich Railway Conunissioners. Tis advice was strongly 
in favour of adopting the line to Holyhead, as less costly 
and presenting better gradients. A public meeting waa 
held at Chester, in January, 1839, in support of the latter 
measare, at which he was present to give explanations. 
Mr. Uniacke, the Mayor, in opening the proceedings, said 
that Mr. Stephenson wus present, ready to answer any 
questions which might be put to him on the subject ; and 
it, was judiciously remarked that “it would be etter that 
he should be asked questions than required to make a 
apeech; for, though a very good engineer, he was a bad 

-” One of the questions then put to Mr. 8 
telated “tp the mode ‘by which he proposed to haul aoe 
songer carriages over the Menai Suspension Bridge by 
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horse power; and he was asked whether he know the 
preamre the bridge was capable of sustaining. His anewer 
wan, that “he had not yet nade any calculations; but he 
propused getting data which would ‘enable him to arrive 
at an accnrate calenlation of the actual strvin upon the 
bridge during the late gale. He had, however, nu hesita- 
tion in saying that it was more than twenty times as much 
as the struin ofa train of carriages aud a locomotive 
engine, Tho only ytason why he propased to convey the 
carriages over by horses, was in onder that he might, by 
distributing the weight, nut increwe the wavy 
All the tmin wonld be on at once; but distributed. 
he thonglit better than passing them, linked together, by a 
tocomotive engine.” It will thnx be observed tat the 
practicability of throwing a rigid railway bridge acrow the 
Straits had not yet been contanplated. 

The Dublin Chamber of Commerce pasned resehuions it 
favour of Sgephonson’y line, after hegrifig hin explanation 
of its esential features, Tho project. after undergoing 
much discussion, was at length embeadied in an Act parned 
in 1846; aud the work was brought to a xnevensfil comple: 
tion by his son, with several important motifieations, 
including the grand original ftatare of the tubular bridges 
across the Menai Straits and the estuary of the Cunwny, 
Excepting these great works, the construction of this line 
presented no unusnal features; thongh tho remarkable 
terrace cut for the accommodation of the railway undor the 
ateep slope of Penmaen Mawr in worthy of a passing 
notice, . . 

About midway between (‘onway and Bangor, ?enmacn 
Mawr forms a bold and almost precipitous headland, at the 
base oft which, in rough weather, the oovan daphes with 
great fury. ‘There was not space enongh between the 
mountain and the strond for the passage of the railway, 
hence in some places the rock had to be blasted to form 4 
terrgee, ahd in others sca-walls had to he built up to the 
proper level, on which to form an embankment of sufficient 

v. ¢ 

















Peamsen Mawr [By Pressal bhclton} 


width to enable the road to be laid. A tunnel 104 chains 
in length was out tough the headland itself, and on ita 
east and west nidi» the hne was formed by a t2rrace cut 
out of tho cliff, and by embankments protected by sea 
walls, the terrace being three times interrupted by em- 
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bankments in its course of abont 1} mile. The road lice 
60 cluse under the steep mountain fice, that it was even 
fuund necessary at certain plaovs to protect it against 
possible accidents from falling stencs.by means of a covered 
way. ‘The terrace on the cast side of the headland waa, 
however, in some measure protected against the roll of the 
sea by the mass of stone mm ont from the tunnel, and 
forming a deep spingle bank in front of the wall, 

The part of the wrk which lies on the westward of the 
newulland penetrated by the tunnel, was exposed to the full 
force of the sea; and the formation of the 
point was attended with great diMenlry. 
wall was still in progress, its strengths way sew 
a strong north-westerly gale, which blow in Ov tuber, UR4t, 
with a spring tide of 17 feet. On the titlowing morning it 
was found that a large portion of the rabble was irreperbly, 
injured, and 200 yards of the wall were then replacat by, 
au open viaguet, with the piers placed + Agoways to the sea 
the openiugs between them Deiter spied hy ten east iron 
girdirs each 42 feet long. Whis accident indnewd the 
engineer to alter tho contour of the sen wall, so fimt it 
should present 0 dimiftixhed reaistunee to the foret of the 
waves, But tho sea repeated its assiulls, aml made further 
havoc with the work; entuiling he penises and a con 
plete reorganisation of the contrict. “Tnereased solidity wan 
then given to the masonry, und the fare of thy wall unde 
went further change. At some points outworks were 
construeted, and piles were driven into the beach about 15 
feut from the bare off wull, for the purpoyy of protecting 
ite fowndations and breaking the foree of the waves. The 
work was at length finished after about three yearn’ anxious 
labour ;* but Mr. Stephenson confessed that if'a Jong tunnel 
had been made in the first inetance thronyh the solid rock of 
Penmaen Mawr, a saving of from 25,0001, to 30,000. would 
have been cffected. He also said he had arrived at the 

Jusion that in railway works engineers should endcuvour 
wor as possible to avoid the necessity of contending with 
¥2 
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the sca ;* but if he were ever again compelled to go within 
ita reach, he would adupt, instead of retaining walls, an 
open viaduct, placing all the piers edgeways to the force of 
the aca, and allowing the waves to break upon a natural 
slope of beach. Jie was ready enongh to admit the errors 
ho bad committed in the original dusign of this work; but 
he said he had always gained more information from study- 
ing the causes of failures and endeavonging to surmount 
thom than he had done from casily-wgn successes. Whilst 
muny of ihe latter had been forgotton, the former were 
indelibly fixed in his mesmory. 

But by far the groatest difticulty which Robert Stephenson 
had to encounter in excenting this milway, wa» in carrying 
it across the Straits of Menai and the estuary of the Conway, 
where, like his prodecossor Telford when forming his high 
road through North Wales. he was under the necessity of 
resorting to now and alogether untried methods of bridge 
construction. At *Mgnai the waters of the Igish Sea are 
perpetually vibrating along tho precipitous shores of the 
Strait; rismg and falling from 20 to 25 feet nt each sueces- 
sive tido; the width and depth of the channel being such as 
to render it available for navigatio’ by the largest ships. 
‘The problem was, to throw a bridge across this wide chasm 
--a bridge of unusual span and dimensions—of such 
strength as to be capable of bearing the heaviest loads at 
high speeds, and at such a uniform height throughout as 
not in avy way to intorfere with the navigation of the 
Struit. From on carly period, Mr. Stephenson had fixed 
upon the spot-where the Britannia Rock occurs, nearly in 
the middle of the channel, as the most eligible point for 
crossing; th» water-width from shore to shore at high 


merittgsimplefockthatina nowy foraidable an element. |B, i 
storm ‘he force of imyact of tho Steremon, (Edinburgh, registered 


waves is from one ‘half to a force of throe tons per square foot 
two tons per square foot, must st Skerryvore, during awgale in the 
necomactly” ditto the Atlantic, when the waved ‘wore 


Poadbls elation in approsdling eo | auppoood to ran twenty fees igs, 
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water there being about 1100 fect. Tis first iden was to 
construct the bridge of two cast-iron arches, each of 350 
fect span. ‘There was no novelty in this idea; for, an 
varly as the year 1801, : 
Mr. Rennie prepared 
au desim of a cast- 
irun buidge across the 
Strait at the pwilly, 
rocks, the greatecntre 
arch of which was to 
be 450 feet spun, and 
at a Inter perial, in 
1810, Telfind sub. 
mitted a design of 
similar bridge at In- 
Ye-y-Moch, with a 
single cast-iron arch 
of 500 fret. * But the 
sane objections which 
led to the rejection 
of Ramic’s aud Td 
ford’s designs, moved 
fatal to Robert Ste 
phenson’s, and his 
irun-arched railway 
bridge was jected 
by ‘the Admirulty, 
The navigation of thy 2 
Strait a under a aenmere me SRGCATIIA PLE 
circumstances to be 
interfered with; and even the erection of scaf folding fiom 
below, to support the bridge during construct: Mh, Wan not 
to be permitted. Tho idea of a suspension bridge way 
dismissed a-. inapplicable ; a degree of rigidity and strength, 
Breqter than could be socund by any bridge constructed. 
© principle of suspension, being considered an indi. 
pensable condition of the prupusd structure. 
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Various other plans were mggested; bat the whole 
question remained .uns-ttled even down to the time when 
the Company went before Parliament, in 1844, for power to 
construct the proposed bridges. No existing kind of 
structare seemed to be capable of bearing the fearful 
extension to which rigid bridges of the necessary spans 
would bo subjected ; and some new expedient of engineering 
therefore became necessary. ¥ 

Mr, Stephenson was then led to recohsider a design which 
hho hud madvu in 1841 fur a road bridge over the river Lea 
at Ware, with a span of 50 fect-—the conditions only ad- 
nitting of a platform 18 or 20 inches thick. For this 
purpore & wrought-iron platform was designed, consisting 
of a serics of simplo culls, formed of builer-plates riveted 
togethor with angle-iron. Tho bridge was not, however, 
carried out after this design, but was made of suparate 
wronght-iron girders compscd of riveted plates, Reour- 
ring to his first idch of this bridge, Mr. Stephenson thought 
that a stiff platform might bo constructed, with sides of 
strongly trussed frame-work of wrought-iron, braced to- 
gether at top and bottum with plates of like material 
riveted “together with angle-irun; arid that such platform 
might be suxpended by strong chains on either side to 
givo it increased security. “It was now,” says Mr. Ste 
phonson, “that I cue to regard the tubular platform as a 
a leam, and that the chains should be looked upon as 
auxiliaries.” 1 appeared, nevertheless, that without a 
system of diagonal struts inside, which of course would 
have preventod the pussage of trains though it, thia kind of 
structure was ill-suited for maintaining its form, and would 
ba very liable to become lozenge-shaped. Besides, the 
rectangular figure was decined vbjectionable, from the large 
surface which it presented to the wind. 

Tt then occurred to him that circular or elliptical tuber 
might better answer the intended purpose; and in March, 
1845, he gave instructions to two of his assistant’ to pre- 
pare drawings of such @ structure, the tubes being made 
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with a donble thickness of plate at top and bottom. Thr 
results of the calcnlations made as to the strength of such a 
tube, were connidered sp satisfactory, that Mr. Stephenso, 
says he determined to full back on a bridge of this descrip 
tion, on the rejection of his design of tho two cast-iron 
arches by the Purliamentary Committee. Indeed, it beoume 
evident that a tubular wronght-iron beam was the only 
straciure which, combined the necessary strength and sta- 
Dility for a milway, Sith the conditions deemed sential for 
the protection of the navigution, “I stood.” sys Mr. Ste- 
phenam, “on the verge of a responsibility from which, I con 
fess, J had nearly shrink, ‘The construction of a tubmlar 
beam of such giguntic dimensions, on a platform elevated and 
snpported by chains at such a height, dil at first present 
itself awa difienlty of a very formidable nature. Reflection, 
however, satisfied me that the principles upon which the 
idea was founded were nothing more than an extension of 
thoso duilysin we in the profession ofthe engincer. ‘Nhe 
method. moreover, of calculating the strength of the struc. 
ture which J had adopted, wes of the simplest and most 
elementary character; and whatever wight be the fern of 
the tube, the principle on which the calenlations were 
founded was equally applicable, and eumld not fail to lead 
to equally accurate resuite.”* Mr. Stephenson accordingly 
annoanced to the directors of the railway that ho was pro- 
pared to carry cut a bridge of this general description, and 
they adopted his views, though not without considerable 
wisgivings. 

While the engimecr’s mind was still oscupied with the 
subject, an accident occurred to the Prince of Weles iron 
steamship, at Blackwall, which singularly corroburatedshix 
views as to the strength of wroughtirun beups of large 
dimensions. When this vessel was being launched, the 
cleet on the bow gave way, in consequence of the bolts 








* Robert Stephenson's namahve in Clark's *Hntannia and Conway 
PabulareBridges,’ rol. i. p. 27. 
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breaking, and let the vessel down so that the oilge came in 
contact with the wharf, and she remained suspended be- 
tween the water und the wharf for a length of about 110 
feet, but without any injury to the plates of the ship; 
satiafactorily proving tho great strength of this form of 
construction. Thns, Mr. Stephenson became gradually 
confirmed in his opinion that the mont feasible method of 
bridging tho strait at Menai and the river at Conway was 
by means of a hollow beam of wrought iron. As the time 
‘was approach:ug for giving evidence beforo Parliament on 
tho suliject, it was necessiry for him to settle sume definite 
plan for submission to the committee. “My late revered 
father,” saya ho, “having always taken a deep interest in 
the various proposals which had been considered for carrying, 
a railway across tho Menai Straits, requested me to explain 
fully to him the views which led me to suggest the use of a 
tube, and also the nature of the calculations 1 had made in 
reference to it. It was during this personal, conference 
that Mr, William Fairbairn accidentally culled upon me, to 
whom T also explained the-principles of the structure I 
ad proposed. Ho at once acqnieseed in their truth, and 
expressed confidence in the feasibilityeuf my project. giving 
meat the same time some facts relative to the remarkable 
strength of iron steamships, and invited ine to his works at 
Millwall, to examine the construction of an iron steamship 
which was then in progress.” The date of this consultation 
wus curly in April, 1845, and Mr Fairbairn states that, on 
that occasion, “ Mr, Stephenson asked whether such a design 
was practicable, znd whether I could agomplish it: and it 
was ultimately arranged that the subject should be in- 
vegtigated experimentally, to determine not only the value 
of Mr, Stephenson's original conception (of @ circular or 
egg-shaped’ wrought-iron tube, supported by chains), but 
that of any other tubular form of bridge which might 
present itself in the prosecution of my researches. The 
matter was placed unreservedly in my hands; thu entire 
conduct of the investigation was entrusted to me; and, aa 
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an experimenter, I was to he left free to exerciso my own 
discretion in the investigation of whgtever forms or con- 
ditions of the structure might appear to nw best calculated 
fu secure a safe paxsage across the-Straita”* Mr. Fair: 
Laim then proceeded te construct a number of experimental 
models for the purposo of testing tho strongth of tubes of 
different forms. The short period which elapsed, however, 
before the bill yas in com not admit of much 
progress being ould with those experiments; hut from the 
evidence in chief given by Mr. Stephenson on the subject, 
on the Sth May fullowing, it appears that the iden which 









450 feet (afterwards increased to 460 f with a roadway 
formed of a hollow wronght-iron beam, about 24 feet in 
diameter, presenting a rigid platform, suspended hy chins, 
At the same time, he expressed ihe confident opinion that 
a tube of wrought iron would ponders sufficient strength 
and rigidity to support a milway tpeift ronning inside of 
it without the help of the chairs, 

While tho bill was still in progrem, Mr, Fairbairn pro- 
ceeded with his experiments. He firnt tested tuba of a 
¢ylindrical form, in ctmasequence of the favonrallé opinion 
entertained by Mr. Stephenson of the tubex in that abape, 
extending them subsequently to thos: of an elliptical formt 
He found tubes thus shaped more or lesy defective, and 
proceeded to test those of a rectangular kipd. After the 
bill had received the royal assent on the 80th June, 1845, 
the directors of the company, with great liberality, voted 
® sum for the purpose of enabling tho experiments to be 


* « Abcount of the Cmatractinn of or two before bis denth Mtr, 
the Brifannia and Conway Tabular Bicplonwn reninrkufto the wuthor, 
i By W. Puirbuirn, OE. that hed the same arranyrioent for 
1949. stiffening been adopted to whieh 

+ Mr. Stephenson oontinned to the oblong rectanstlar tubes owe ® 
elliptical tabe was great part of their strength, a very 
‘snd that wuffoient different romlt would havo. beet 


380 ROBERT 6TEPHENSON'S CAUTION. Cuar XVI 


prosecuted, and upwards of 60003. were thus expended te 
make tho asmurancy of their engineer doubly sure. Mr. 
Fairbairn’s tests wore of the most elaborate and eventually 
conclusive character, dringing to light many new and im- 
portant facts of great practical value. The due proportions 
and thicknesses of the tup, bottom, and sides of the tubes 
were arrived at after a vast number of trials; one of the 
results of the expcriments being thy adoption of Mr. Fair- 
bairn’s invention of rectangnlar holldw cells in the top of 
the beam fur the purpose of giving it the requisite degree 
of strongth, Abont the end uf August it was thought 
desirable to obtain the assistance of x mathematician, who 
should prepare a formula by which the strength of a full- 
sized tube might be calculated from the results of the ex- 
periments mado with tubes of smallur dimensions. Professor 
Hodgkinson was accordingly cullcd in, and he proceeded 
to verify and confirm the experiments which Mr, Fairbairn 
had made, and afterwards reduced them to the required 
formulm, 

Mr. Stephenson’s time was so much engrossed with his 
extemsive onginooring busine that be was in a great 
measure’ precluded from devoting hiutself to the considera- 
tion of the practical details, he results of the experi- 
ments were communicated to him from time to time, end 
were regarded hy him as exccedingly satisfactorily. It 
would appoar, however, that whilo Mr. Fairbairn urged 
the rigidity and strength of the tubes without the aid of 
chains, Mr. Stephenson had not quite mado up his mind 
upon the poin¢ Mr. Hodgkinsun, aleo, was strongly in- 
inclined to retain them. Mr. Fairbairn held that it was 
quite practicable to make the tubes “sufficiently strong to 
sustain not only their own weight, but, in addition to that 
load, 2000 tons equally distributed over the surface of the 
platform,—a load ten times greater than they will ever be 
galled upon to support.” 

It was thoroughly characteristic of Mr. Stephenkon, and 
of the caution with which he prceeded in every step of 
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this great undertaking—probing every inch of the ground 
before he set down his foot upon it—that he should, early 
in 1856, have appuinted his able assistant, Mr. Edwin Clark, 
to scrutinise carefully the results of every experiment, and 
subject them tu @ eeparute and independent analysis before 
finally deciding upon the form or dimensions of the struc 
fure, or upon any mode of procedure connected with it. 
At length Mr. St phenson beeame satisfied that tho uso of 
auxiliary chains wt, unnecessary, and that the tubular 
bridge might be made of such strength as to bo entirely 
self-supporting. 

While these important discussions were in progress, moa- 
sures were taken to proceed with the manoncy of the bridges 
kimnultancously at Conway and the Menai Strait, Tho 
foundation-stone of the Britannia Bridge waa laid on the 
10th April, 1846; and on the 12th May following that of 
the Conway Bridge way laid. Suitable platfurmy and 
workshopserere also crected fur progeeting with the punch- 
ing, fitting, and riveting of the tubes; and when thew 
operations were in fall progress. the neighbourhood of the 
Conway and Britannia Bridges presented Heenen of oatraur 
dinary bustle and iftdustry. About 1500 men Were om- 
ployed on the Britannia Bridge alunc, and they mostly 
lived upon the ground in wooden cottages orected for tho 
occasion. Tho iron plates were brought in ship-loads from 
Liverpool, Anglesea marble from Penmon, and red pand- 
stone from Runcorn, in Cheshire, as wind and tide. and 
shipping and convenience, might determine. There waa an 
unremitting clank af hammers, grinding u machinory, and 
blasting of rock, going on from murning till night In fit- 
ting the Britannia tubes together, not less than 2,000,000 of 
bolts were riveted, weighing some 900 tons, é 

‘The Britannia Bridge consists of two independont cun- 
tinuous tubular beams, each 1511 feet in length, and cach 
weighing 4680 tons, independent of the cast-iron frames 
inserted at their bearings on the masonry of the towers. 
These immense beams are supported at five places, namely, 
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on the abutments and on three towers, the central of which 
is known as the Great Britannia Tower, 230 feet high, 
‘built on a rock in the middle of the Strait, The side towera 
are 18 feet Icas in height than the central one, and the abut- 
ment 35 fovt lower than the side towers, The design of 
the masonry is such as to accord with the form of the tubes, 
}eing somewhat of an Egyptian character, massive and 
gigantic rather than beautiful, but bearing {he unmistakable 
impress of power, 

Tho bridgs has four spans,—two of 460 foet over the 
water, and two cf 230 fect over the land. he weight of 
the larger spans, at the points where the tubes repese on the 
uiasonry, is not Jens than 1587 tons. On the centre tower 
tho tubes rest solid ; but on the land towers and abutments 
they lie on roller-beds, so us to allow of ‘expansion and con- 
traction. The road within each tubo is 15 feet wide, and 
the height varics from 23 feot at the ends to $0 fect at the 
centre. To give of idea of the vast size of the tubes by 
comparison with other structures, it may be mentioned that 
each longth constituting the main spans is twice as Jong as 
Lond Monument is high; and if it could be set on end in 
St. Paul's Churchyard, it would reach neurly 100 feet above 
tho cross. 

‘The Cunway Bridge is, in most rexpects. similar to the 
Britannia, consisting of two tuben, of 400 fect span, placed 
side by side, gach weighing 1180 tons. The principle 
adopted in the construction of the tubes, and the mode of 
floating and raising them, were neurly the same as at the 
Britannia Bridg>, though the general arrangement of the 
plates is in many respects different. 

Vt was determined to construct the shorter outer tubes 
of the Britgnnia Bridge on scaffoldings in the positions in 
which they were permanently to remain, and io erect tha 
larger tubes upon wooden platforms at high-water-murk on 
the Caernarvon shore, from whence they were to be arate 
in pontoons. 

The floating of the tubes on portoons, from the places 
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where they had been constructed, to the recesses in the ma- 
sonry of the towers, up which they were to be hoisted ta 
the positions they were permanently to occupy, was an 
anxious and exciting operation. Lhe first part of this 
process was performed at Cunway, where Mr, Stephenson 
direeted it in person, assisted by Cuptain Claxton, Mr. 
Brunel, and other engineering friends On the tth March, 
1843, the pontuous bearing the fire gu tube of the up 
Tine wore fluated rytid quietly and majestically into their 
place between the towers in about twenty minates. Unfor- 
tunately, one of the sets of pontoous had become slightly 
slucd by the stream, by which the Conway end of the tubo 
was prevented from bei ring brought home: und five anxious 
days to all concerned intervenad before it could be pot 
in its place. Im the mean time, the presses and rising 
tmachinery had been fitted in the towors above, and tho 
lifting process was begun on the th April, when tho 
immense wuss was ried 8 fort, at? the mite of about 
2 inches a minute. On tho 16th, thé tube had beou rained 
and finally lowered into its permanent bed ; the rails were 
laid along it; and. on the I&th, Mr. Stephenson gmssed 
thrungh with the first locomotive. Tho second tube was 
proceeded with on the removal of the first from the plat- 
dona, and was completed and floated in seven months. 
‘The rapidity with which this secund tubs wan constructed 
was in no small degree owing to the Jacquard punching- 
machino, contrived for the purposw by Mr. Ioberts of Man- 
chester. This tube was finally fixed in its permanext bed 
on the 2nd of January, 1841. 

The floating and fixing of the great Britannia tubes was 
a still more formidable enterprise, though the exporiynce 
gained ut Conway rendered it easy compared with what 
it otherwise would have been. Mr. Stephen‘on superin- 
tended the operation of floating the first in person, giving 
the arranged signals from the top of the tube un which 
hg was‘mounted, the active part of the business being per- 
formed by @ numerous corps of sailors, under the immediate 
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. (ounay Lubular Inube 


diection of Ciptun Cliiten Thousands of spectators 
Lined tho shoicy of thy Strait on the ¢xvenmg of tho 19th 
Juno, 1649 On the lind attichmunts bums cut, the pon- 
toons begin to flort off, but ono of tho capstans having 
given way fom cvs stiun, the tubo was brought 
home agam‘for the mght Dy next mong tho defective 
capetan was restored, and all was im rcadmess for another 
tal «At half past sevin in the evcnmg the tube was 
afloat, and the pontoons swung out into the curfent bke 
monster pendulum, held steady by the shore guide-hnes, 
but increasing m spetd to almost a fearfal extent as they 
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neared their destined place between the picra. “ The succes 
of this operation,” snys Mr. Clark, “depended mainly on 
properly striking tho ‘butt’ beneath the Anglowy towor, 
on which, as upon a centre, the tube was to be veered round 
into its position across the opening, This position was 
determined Ly a 12-inch line, which was to be paid out w a 
fixed mark from the Llanfair capstan. The cvils of the ropo 
pnfurtunately uver-rode each other upou this expstan, so 
that it could not*be paid out, In resisting the motion of the 
tube, the capsten way bodily dragged out of the platform by 
the action of the pulls, and the tube was in imminent danger 
of being carried away by the strewn, or the pontoons crushed 
apon the rocks, The men ut the capstan were all knocked 
down, and sume of thew thrown inte the water, though 
they mude every exertion te arrest the motion of the cap- 
stay bare, In this dilemma Mr. Rolfe, who had charge of 
the capstan, with great presence of mind, called the vinitons 
on shore to, biswmistance; and handing nt the spare cuil of 
the 12-inell line into the field ut the buck of tho capotan, 
it wis carried with great rapidity wp the field, and a crowd 
of people, men, Women, and children, lwhling on to thig hugo 
cable, uwresting the pares of the tube, which was ut length 
bronght safely against the butt and veered romd. ‘Tho 
Britaunin end was then drawn inte the reoos of tho 
many by a chain parsing through the tower to a crab on 
the tar side. ‘The viclonce of the tile: abated, though the 
wind inercaned, and the Anglex ry end wus ‘drawn into its 
plice beneath the corbelling in the masonry: and as the 
tide went down, the pontoons deposited thejr valuable canze 
on the welcome shelf at vach end. The stccesnful issue waa 
greeted by cannon from the shore and the hearty cheery of 
many thonsunds of spectators, whose sympathy und anxicty 
were but too clearly indicated by the unbrukun kilence with 
which the whole vperation had been ecuumpanicd.”* Ly 
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midnight all the pontoons had been got clear of the tubo, 
which now hnng suypended over the waters of the Strait by 
ite two ends, which rested upen the edges cut in the rock 
for the purpxwe at the hase of the Rritannia and Anglesey 
tower respectively, up which the tnbe bad now to bo lifted 
by bydranlic power to its permanent place near the summit. 
‘The accuray with which the giguntic beam had been con- 
atructed muy be inferred from tho fact that, after passing, 
into ifs place, a clear space remaincd, between the iron 
plating und the rock outside of it of ouly about three- 
quarters of an inch! 

Mr. Stephenson's anxiety was, of conrse, very great np to 
the time of performing this trying operation. When he hud 
got tho fini tubo floated at Conway, and saw all safe, he said 
to Captain Moorsom, “ Now I bball go to bed.” But the Bri- 
lannia Bridgo was a still more difficult cnterprise, and cost 
him many a slecpless night. Afterwards deseribing his 
feclings to hin friehd Mr. Gooch, he mid: “1t,was a most 
anxious and hariswing™ time with me. Often ‘at night I 
wonld lie tossing about. secking sleep in vain. The tubes 
filled guy head. I went to bed with them and got up with 
then. Th tho grey of the morning, when I looked acrosa 
the Square. it seemed an immense distance across to the 
houses on the opposite side, It was nearly the same length 
ua the span of my tubular bridge!” When the first tube 
had buen flosted, a friend observed to him. “This great 
work has made you ten years older.” “I have not slept 
sound,” he replied, “for three weeks.” Sir F. Head, how- 
ever relates, thitwhen he revisited tho spot on the following 
morning, he vbserved, sitting on a platform overlouking the 
suspended tnbe, a gentleman, reclining entirely by himself, 
smoking « cigar, and gazing, as if indolently, at thé atrial 

berfeath him. It was the engineer himself, oon- 
templating his new-born child. He had strolled down from 








‘No. 84, Gloucester Square, Hyde Park, whare be lived. 
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the neighbouring village, after his first sound and refreshing 
tleep for weeks, to behold in sunshing and solitude. that 
which during a weary period of gestation had been either 
uysteriouly moving in his brain. ort like a vision—some- 
times: of good omen, and sometimes of had, by uight 
ay well as by day, been flitting across his mind, 

The next proces was the lifting of the tube into ita 
place. which was performed very deliberately and . 
tiously. Jt was faingd by powerfnt hydnuulie prowes, only 
a fow fect at n time, and carefally under-built, before wing 
mised to a farther height. When it had be 
succemmive stages of this kind to abunt 24 foe 
nary accident vecurred, during Mr. Stephenson's absence in 
London, which he afterwards deserihed to the author in as 
nearly as possible the following words: -" In a work of 
such novelty and magnitude, yor may readily itagine how 
auxious 1 wan that every possible contingency should: be 
provided fog Where one chain or rote was required, [ 
provided two, T was not sctinfied with ‘enough :’ F must 
have abpolute security, a far as that was posible, 1 knew 
the conpeqnences of are would bo most disustrons fo the 
Company, and that the wisest coonomy was to provide for 
all contingencies at whatever cust. When the first tube at 
the Britannia had been succesfully floated ‘between the 
piers, ready for being raised, my young enginuem were ve 
much elated. aud when the hoisting apparapus had been 
fixed, they wrote to me say ing,— We are now all really far 
raining ker: we could do itin a day, or in two at the anost. 
But iny reply was, ‘So: you must only rai the tube ineh 
by inch, and yon must baild np under it as you rie, Every 
incl must be made good, Nothing mast be left to chance gr 
feud Intk.’ And fortunate it wan that ] innisted npon thix 
cautions course being pursued; for, one day, &hile the 
hydraulic proses were at work, the bottom of one of them 
burst clean away!) The crowhead and the chains. weighing 
inorg thafi 50 tons, descended with a fearful crash upon the 
prees, and the tube itself fell down upon the packing 
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beneath. Though the fall of the tabe was not more than 
nine inches, it crnshed solid castings, weighing tons, an 
if they had been nuts. The tube itaelf waa slightly strained 
and deflected, though it still remained sufficiently service- 
ablo. But it was a tremendous test to which it was put, 
for a wight of upwards of 5000 tons falling even a few 
inches must be admitted to be a very serious matter. That 
it wtood so well was extraordinary. Clark immediately 
wrote mo an account of the circufhstance, in which he 
said, ‘Thank God, you have been so obstinate. For if 
this accident had occurred without a bed fur the end of 
the tubo to fall on, the whule would now have heen lying 
across the bottom of the Straits,’ Five thousand pounds 
extra expense was caused by this accident, slight though 
it might seem. ut careful provision was made against 
future failaro; a new and improved cylinder wa» provided : 

and the work wag very soon advancing satisfuctorily to- 
wards completion.” , 

When the Queen first visited tho Britannia Bridge, on 
hor return from the Nort in 1852, Robert Stephenson 
acoompaniod Ter Majesty and Trince Albert over the 
works, ‘explaining the principles on*which tho bridge had 
‘been built, and the difficulties which bad attended its 
erection. He conducted the Royal party te near the margin 
of the sea, and, after describing tu them tho incident of the 
fall of the gubo, and the reason of its preservation, he 
pointed with pardonable pride to a pile of stones which 
the workmen had there raised to commemorate the event. 
While nearly all the other marks of the work during ite 
progress had been obliterated, that cairn had been left 
standing in commemoration of the caution and furesight of 

The floating and raising of the remaining tubes need not 
be described in detail. The sccond was floated on the 8rd 
December, and set in its permanent place on the 7th January, 
1850. The others were floated and raised in due course. 
Qn the 5th March, Mr. Stephenson put the last rivet in the 
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last tube, and pasxd thiough the completed bindge, acron- 
pamed by about a thousand parsons daawn by thice hee 
motives The Inidge was opencd for pully trathe on the 
Isth March = ‘The cust of the whole work wa» 254,450), 





fae But Bed = By Hrd Ss ony 


The Britannia Bndge is one of the most remarkable 
monument of the enterprise and skill of the prexcnt century 
Robert Stephenson was the master spmit of the unda 
taking. T'o him tclongs the ment of first suing the ideal 

22 
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conception of the structure Lest adapted to meet the neces 
sities of the case ;,and of selecting the best men te work 
out his idea, himself watching, controlling, and testing 
every result, by independent check and ccamter-check. 
And finally, he organised and directed, through his arsist- 
ants, the vast band of skilled workmen and labourers who 
were for so munny years vccupicd in carrying his magnificent 
original conception to a enecessfal pructical insuc. Aw he 
himpelf suid of the work,—* ‘Lhe tra¢ and accurate caleula- 
tion of all the conditions and clemenute essential to the 
sufety of the bridge had lecn a souree not only of mental 
but of bedlily toil; including, ay it did, a combination of 
nbstract thought and well-considercd ¢xperiment adequate 
ju the magnitude of the project.” 

The Britannia Bridge was the result of 0 vast combina- 
tion of skill and industry. But for the perfection of our 
toolk and the ability of our mechanics to use them to the 
greatest advantage ; but for the matwed powers of the 
stewn-eugine ; but for the improvements in the iron manne 
facture, which enabled bludins to he puddlcd of sizes before 
decried impretioable, and plates and Dare of immense size 
to be rolled and forged; but for these, the Britannia Bridge 
would havo been designed in vain, Thus, it was not the 
product of the genius of the railway enginecr alone, but of 
the collective meclumical genins of the English nation. 





Conway Brudge.— Floating the Fort Lube. 
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Vw un Tap a uandn, 
CHAPTER XWIIL 


Geonae Sterncssos's Crosixa Yeans — Iniygas ann Dratu. 








Is describing the contplotion of tho series of great works, 
detailed in the preceding chapter, we have pore what E 
Cipated the closing, years of George Stephenson's life, He 
could not fail to tuke an unxions interest in the snecess of 
his son’s designs, and he accordingly peid many visits 10 
Conway and to Menai, during the progress of the work. 
He was present on tho occasion of the floating and raining 
of the first Conway tube, and there witnessed a clear proof 
of the sounduess of Robert's judgment as to the efficicnes 
and strength of the talular bridge, of which he had at first 
expressed some doubts; but befure the like teat eould be 
applied at the Britannia Bridge, George St: phenwm's taortal 
anxieties were at an end, fur he had then cvarcd from all 
his labours. 

Towards the close of his life, George Stephenson almost 
catirely withdrew from the active pursuit of his profession. 
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he devoted himself chiefly to his extensive collieries and 
lime-works, taking a local interest only in such projected 
railwayh ah were calculated to open up new markets for 
thei: products. ‘ 

At home be lived the life of a country gentleman, enjoy- 
ing his gurden and grounds, and indulging his love of 
naitue, which, through all his busy life, had never left him. 
It way not until the year 1845 that he took an active 
juterest in horticultural pursuits. Then he began to build 
new melun-honscs, pineries, and vinerics, of great extent: 
aad he now seemed as eager to excel ull other growers of 
exotic plants in his neighbourhood, as he had been to 
surpass the villagers of Killingworth in the production of 
gigantic calbages and cauliflowers seme thirty years before. 
Ho had a pinc-house built 63 feet in length and a pinery 
140 feet. Workmen were constantly cuployed in enlarging 
them, until at length be had no fewer than ten glass 
forcing-honsor, heated swith hot water, which je waa one 
of the first in that ucighbourhood to make use of for such 
a purpose, THe did not take oo much pleasure in flowers as 
in frvits. At one of the county agricultural meetings, he 
said that he intended yet to crow jine-apples at Tapton 
as big as pumpkins, The only man to whom he would 
“knock under” was his friend Paxton, the gurdener to the 
Duke of Devonshiro; and he was so old in tho service, 
and so pkilful, that he coukl scarcely hope to beat him. 
‘Yet his “Queen” pincs did take the first prize at a competi- 
tion with the Duke,—thongh this was not until shortly after 
his death, when the plants had becom: more fully grown. 
His grapes also took the first prize at Rotherham, at a com- 
petition open to all England. He was extremely successful 
in producing melons, having invented a method of sus- 
pending tffem in baskets of, wire gauze, which, by relieving 
the stalk from tension, allowed nutrition to proceed more 
freely, and better enabled the fruit to grow and ripen. 

He took much pride also in his growth of cueumbgra. 
He raised them very fine and large, but he could not make 
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them grow straight. Place them as he would, notwith- 
standing all his propping of them, and humouring them by 
modifying the application of heat ad the admission of 
light fur the purpeae of effecting ix object, they wonld 
still insist on growing cruvked in their own way. At Just 
be had a nuunaber of glass cylindem wade at Neweastle, for 
the purpose of an caperiment; into ther the growing 
cucumbers were inserted, and then le suceceded in grow- 
ing them perfettlygstraight. Carrying one of the new 
products intuy his fowse one day, and exhibiting it to a 
party of viniturs, Ie told them of the eapedient he had 
adopted, and aided gleefully, ©1 think I have bothera 
them noo!” 

Mr, Stephenson ale» carried on farming operations with 
«one stcorss. He experimented on nawure, and fol cattle 
after methods of his own. He was very particular as to 
broed and build in stock-breeding, © You sce, sir,” he said 
ty ono gentleman, “1 like t» seo the coe'y hack at 1 gradient 
something “like this” (drawing an Amagiuary line with bis 
hand), “und then the ribs or, girders will carry wore flerh 
thun if they were su~or sv." When be attended the 
county agricultural guectings, which he frequently did, he 
‘wus accustomed to take part in the dinwssions, and he 
Drought the same vigorous practical mind to bear upon 
questions of tillage, drainage, and farm economy, which be 
had been accustuined to exercise on mechanival and on. 
ginecring matters, 

All his carly affection for birds und avimals revived. 
He had favuurite dogn, and cows, and horses; und again he 
began to kcep rabbits, and to pride himself on tho beauty: 
of his breed. ‘There was not a bird's ucet upon the grounde 
that he did not know of; and from day to duy he ent 
round watching the progress which the birds made with 
their building, carefully guarding them from injury. No 
one was ture minutely acquainted with the hubits of 
Britishsbirds, the result of a lung, loving, aud close observa 
tifn of nature. 
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At Tapton he remembered tae failure of his early ex- 
periment in hatching birds’ eggs by heat, and he now 
perfurmed it sucorssfully, being able to secure & proper 
apparatus fur maintaining a unifurm temperature. He wae 
als curiony about the breeding and fattening of fowls; and 
when his friend Edward Pease of Darlington visited him 
at 'Tapton, he explained a method which be bad invented 
for fattening chickens in half the usnal time. 

Mra, Stephenson tried to keep bees. but found they would 
not thrive at Tupton. Many hives perished, and there was 
no cane of success, The cause of fiilure was a puzzle to 
the engineer ; Lut one day hia acute powers of observation 
enabled him to unravel it, At the foot of the hill on which 
Tapton Moure stands. he saw some bees trying to riso up 
from amongst the grass, Jaden with honcy and wax, They 
wero already exhausted, as if with lng flying; und then 
it occurred tu him that the height at which the hone stood 
above the bees’ fetding-ground rendered it difficult fir 
them to reach their hives when heavy laden, and hence 
they sunk eabwusted. He ufierwards incidentally men- 
tioned the circumstance to Mr. Jesse the naturalist, who 
eonentred in his view as to the cause of failure, and was 
umceh struck by the keen observation which had led to its 
solution. 

Mr Stephenson had none of the in-door habits of the 
student. Ile read very little; for reading is a habit which 
ig generally acquired in youth; and his youth and manhood 
had been for the most ‘part spent in hard work. Books 
wearied him, and sent him to slecp. Novels excited his 
feelings too much, and he avoided them, though he would 
ocoggionally read through a philosophical book on a subject 
in which he felt particularly interested. He wroté very 
fow letters ‘with his own hand; nearly all his letters were 
dictated, and he avoided even dictation when he could. 
His greatest pleasure was in cunversation, from which he 
gathered most of his imparted infurmation. - 

Tt¢-was his practice, when about to set out on a journey by 
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railway, to walk along the train before it started, and look 
into the carringes to we if he could find “a convensble 
face.” On one of these occasions, at the Easton Station, he 
dixcovered in a carriage @ very handsome, yy and 
intelligent face, which he afterwards nl wax that of 
the late Lord Denman, [le was on his way down to his 
seat at Stony Middleton, in Derbyshire. Mr. roy 
entered the carringe, and the two wer shortly engaged in 
interesting conve wmnetry and 
horelogy, and the dship by the 
extent uf his kiawledge on the subject, in whieh he dis 
Played as much minute informat nto the latent 
improvements in watchinaking, Tern bred a 
watduoaker and lived by the trade. Lord Denman wis 
curions to know how a iman whose time innit have beet: 
aminly engrossed hy engineering, hed gathered so nich 
Knowledge on a pubject quite ont of his own line, and he 
asked the guestion, “I leat cloykimaking and watel- 
aking,” was the answer, “ while & working man at Killing. 
worth, when Pade a Jitthe money in my xpare hours, by 
cleaning the pitmen’s clocks and watches; and pinces then 
Lhave kept wp my ittfornation on the subject.” Thin Ted 
to further questions, and then Mr, Stephen told Lord 
Denman the interesting story of his Tif, which held 
entranced daring the renminder of the jonri 

Many of his friends readily accepted invitatipns to Tapton 
Howe to enjoy his hospitality, which never filed. With 
them he would “fight his battles o'er again,” reverting to 
his battle for the Jecomotive; and he wae never tired of 
telling, nor were his anditors of listening to. the lively 
anecdotes with which ho was accustomed to illustrate the 
straggles of his early career. Whilst walking in the woody 
or through the grounds, he ould srrest hf friend's 
attentiun by allusion tu some simple object,—anch es a leaf, 
a blade of grasa, a bit of bark, a nest of birds, or an ant 
cargying*its eggs across the path,—and dewant in glowing 
terms upon the creative power of the Divine Mechanisian, 
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whose contrivances were so exhaustless and so wonderful. 
‘Thia was a theme upon which he was often accustomed to 
dwell in reverential admiration, when in the society of hia 
‘more intimate friends. 

One night, when walking under the stars, and gazing up 
into tho field of suns, each the probable centro of a system, 
forming the Milky Way, friend said to him, “ What an in- 
significant crcature is man in sight of so immense a creation 
‘ag that'” “Yos!” was his reply; “but how wonderful a 
creature also is man, to be ablo to think aud reason, and 
even in somo measure to comprehend works sv infinite!” 

A microscope, which he had brought down to Tapton, 
was @ source of immenre enjoyment to him; and he was 
nover tired of contemplating the minute wonders which it 
revealed. One evening, when some friends were visiting 
him, he induced them each to puncture their skin so as to 
draw blood, in order that he might examine the globules 
through the pubes Ono of the gentlemen present was 
4 toctotaller, and Mr, Stephenson pronounced his blood to 
be the most lively of the whole. Ile had a theory of his 
own ebout the movement of the globules in the blued, which 
has since become familiar. 1t was, tLat they wero respeo- 
tively charged with electricity, positive at one end and 
negative ut the other, and that thus they attracted and 
repelled euch other, eausing a circulation. No sooner did 
he observe anything new, than ho immediately set about 
devising a reason for it. Mis training in mechanics, his 
practioal familiarity with matter in all its forms, and the 
strong bent of hjs mind, led him first yf all to seek for a 
mechanical explanation. And yet he was ready to admit that 
thgre was a something in the principle of ife—so mysterious 
and inexplicable—which baffied mechanics, and seemed to 
dominate ver and control them. He did not care much, 
either, for abstruse mechanics, but only for the experimen‘al 
and practicel, as ia usually the case with those whose know: 
ledge has been self-soquired. 

ven at his advanced age, the spirit of froho had not left 


(iar, XVII, FONDNESS FOR FROLIC. 347 


him. When proceeding from Chesterficld station to Tapton 
House with his 
friends, he would 
almost invariably 
challenge them to 
a race up the steep 
path, partly formed 
of stone steps, algng 
the hill side. And 
he would struggle 
ns of old, to keep 
the front place, 
though by this tine 
his “wind” had 
greatly failed. Tle 
would occasionally 
invite an old friend 
to take @ quict 
wrestle with him 
on the lawn, to 
keep up his skill, 
and perhaps to ty 
some new “knack” 
of throwing. In 
the evening, he 
would sometimes i 
indulge his visitors by Teciting the old pastoral of “Damon 
and Phyllis,” or singing his favourite song of “ John Ander- 
eon my Jos.” But his greatest glory amongst those with 
whom he was most intimate, was a “crowdie!” “ Let's have 
a crowdie night,” he would say; and forthwith a kettle of 
‘boiling water was ordered in, with a basin sof oatmeal. 
Taking a large bowl, containing a mofficiency of hot water, 
and placing it between his kneca, he poured in oatmeal with 
one haxd, and stirred the mixture vigorously with the 
When enough meal had been added, and the stirring 
was completed, the crowdie was made. It was then supped 
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with new milk, and Stephenson generally pronounced it 
“capital!” I+ was the dict to which he had been acous 
tomed when a working man, and all tho dainties with 
which he had become familiar in recent years had not 
spoiled his simple tastes. To enjoy crowdie at his age, 
besides, indicated that he still poxesed that quality on 
which no doubt much of his practical sucoeas in life had 
depended,—a strong and healthy digestion. 

He wonld also frequently invite to hi¢ house the humbler 
companions of his carly life, and take pleasure in talking 
ovor uld times with them. He never assumed any of the 
Dearings of a great man on such occasions, but treated the 
visiturs with the same friendliness and respect as if they 
had been his equals, sending them away pleased with them- 
selves and delighted with him. At other timos, needy men 
who had known him in youth would knock at his door, and 
they were never refused access. But if ho had heard of 
any misounduet on their part he would rato them soundly. 
One who knew him intimately in private life has seen him 
exhorting such backsliders, and denouncing their miscon- 
duct azd imprvdence with the tears streaming down his 
cheeks, ‘And he would generally conclude by opening his 
purse, and giving them the help which they needed “to 
make a fresh start in the world.” 

Mr. Stophenson's life at ‘Tapton during his latter years 
‘was occasionally diversified with a visit to London. His 
engineering business having become limited, he generally 
went thore fur the purpose of visiting friends, or “to see 
what thore was fresh going on.” Te fuand a new race of 
engineers springing up on all hande—men who knew him 
not; and his London journeys gradually ceased to yield 
him pleasure. A friend used to take him to the dpera, 
but by the énd of the first act, he was genorally in o pro- 
found stamber. Yet on one occasion he enjoyed a visit to 
the Haymarket with a party of friends on his birthday, to 
see T. P. Cooke, in “Blackeyed Swan ;"—if that tan be 
sailed enjoyment which kept him in « state of tears during 
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half the performance. At other times he visited New- 
castle, which always gnve him great pleasure. He would, 
on such occasions, go out to Killingworth and seek up 
old friends, and if the people whom he knew were too 
retiring. and shrunk into their cuttages, he went and 
songht them there. Striking the floor with his stick, 
and holding his noble persun upright, he would ay, in hia 
own kind way, © Well, and how's all here today?" To 
the lust he had slyays a warm heart for Neweastle and ite 
neighbourhvod. 

sir Robert Peck, on more than one cccasion, invited 
George Stephenson tohis mansion at Drayton, where ho was 
acoustumed to assemble round him men of the highest dis- 
tinction in art, science, and legislation, during the intervals 
of his parliamentary life. The first invitation was respect- 
fully declined. Sir Robert invited him a necond time, and 
a second time he declined: “J have no great ambition,” 
ho said, ‘ito mix in fine company, aud perhaps shonld foot 
cat of my clement amongst such high folkn.” But Sir 
Robert a third time presad him to come down to Tam 
worth early in January, 1845, when he would megt Buck- 
lund, Follett, and éthers well known to both. “ Well, Sir 
Robert,” said he, “I feel your kindness very innch, and ean 
no longer refuse : I will oume down and join your party.” 

Mr. Stephunsim’s strong powers of observation, together 
with his native humour and shrewdnens, imparted to his 
conversation at all times much vigour and originality, 
and made him, to young and old, « delightful companion. 
‘though mainly am engineer, he was alow profound thinker 
un imany scientific questions: and there was scarcely 4 
subject of speculation, or a department of recondite sgionce, 
on which he had not employed his faculties in such a way 
as to have furmed large and, original views. * At Drayton, 
the conversation usnally turned upon such topic, and 
Mr. Stephenson freely joined in it. Qu one vcvasiun, an 
nimAted discussion took place between himself and Dr, 
Buckland on one of his faveurite theories aa tu the forma- 
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tion of coal. Bat the result was, that Dr. Buckland, a 
much greater master of tonguo-fence than Mr. Stephenson, 
completely silenced him. Next morning, before breakfast, 
when he waa walking in the grounds, deeply pondering, 
Sir William Follett came up and asked what he waa think- 
ing abont? “Why, Sir William, I am thinking over that 
argumont I hed with Buckland lest night; I know I am 
right, and that if I had only the command of words which 
he has, I'd have beaten him.” “ Let me-know all about it.” 
said Sir William. “and I'll see what I can do for you.” 
The two sat down in an arbour, and the astute lawyer 
made himself thoroughly acquainted with the points 
of tho case; ontering into it with all the veal of an 
advocate about to plead the doarcst interesta of his 
cliont. After ho had mastered the subjuct, Sir William rose 
up, rubbing his hands with glee, and said, “Now I am 
yoady for him.” Sir Robert Poel was made acquainted with 
the plot, and adroitly introduced the subject of the contro- 
vorsy after dinner. Thé result wns, that in the argument 
which followed, the man of science was overcome by the 
man of.law; and Sir William Follett bad at all points the 
mastery over Dr. Buckland. “What do you say, Mr. Ste- 
phenson ?” asked Sir Robert, laughing. “ Why,” said he, “I 
will only say this, that of all the powers above and under 
the earth, there secms to me to be no power so great as the 
Lia of the gab.” * 

One Sunday,“when the party had just returned from 
churok, they were standing together on the terrace near 
the Hall, and obgerved in the distance a railway-train 
Hashing along, tossing bebind its long white plume of 
steam. “Now Buckland,” said Stephenson, “I have a 
poser for you. Can you tell me what is the powor that is 
driving that train?” © Well,” said the other, “I suppose 
it ia one of your big exigines.” “But what drives the 
engine?” “Oh, very likely a canny Newcastle driver.” 


* The above anecdote is giten on the authority of 3Ir. Sopwith, F.BS. 
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‘What do you my tu the light of the sun?” “How can 
that be?” asked the doctor. “It ia nothing eles,” maid the 
engineer “it is light bottled up in the onrth for tens of 
thousands of yeare,—light, abeorbed by plants and vege- 
tubiee, being necessary fur tho condensation of carbon 
during the process of their growth, if it be not carbon 
in another form,—and now, after being buried in tho earth 
for long ages in fields of coal, that Intent light is again 
brought forth and iterated, made to work ax in that loco- 
motive, for great human purposes.” 

During the samo visit, Mr. Stephenson, ono evening 
repeated hia experiment with blood drawn from the finger, 
gubnitting it to the micruscupe in order to bhow the curious 
circulation of the globules, He sot the example hy pricking 
his own thumb; and the other guests, hy turn, in liku 
Wanner, gave up 9 amall portion of their blood fur the 
purpose of ascertaining the comparative liveliness of their 
circulation. When Sir Robort Pee]’s turn cum, Mr. Ste- 
phenson said be was curious to know “how tho blood 
globules of a great politician would conduct themaclyes.” 
Sir Robert held forth his finger for the purpose of being 
pricked ; but once, dnd agnin, ho sensitively shrink back, 
and at length the experiment, so far ax he was concerned, 
was abandoned. Sir Robert Pccl’s eensitivences to pain was 
extreme, and yet ho was destined, a ae years after, to div 
u death of the most distressing agon 

In 1847, tho year before his ‘Joath, Mr. Stophonsun wes 
again invited to join 9 distinguished party at Drayton 
Manor, and to assist in the ceremony of formally opening 
the Trent Valley Railway, which had been originally 
designed and Inid out by himself many years before. -bo 
first cod of the railway had been cut by the Prime Minister, 
in November, 1845, during the time when Ar. Stephenson 
was abroad on the business of the Spanish railway. The 
formal opening took place on the 26th June, 1847, the line 
heving” thus been constructed in less than two yoara, 

‘What s change had come over the spirit of the landed 


352 INTERVIEW WITI EMERSON, Cuar. XVI 


gentry since the time wlien George Stephenson had first 
Projected a railway through that district! Then they were 
‘up in arms against him, charaotcrising him as the devastatur 
and spoiler of their cstatea; now he was hailed as one of 
the greatest boncfactors of tho age. Sir Robert Poel, the 
chief political peruonage in England, welcomed him as a 
guost and friend, and spoke of him us the chief among 
practical philosophors. A duzon members of Varliament, 
seven baroncta, with all the landed mofynates of the district, 
assembled to celebrate the opeuing of the railway. The 
clergy were thero to blow the enterprise, and to bid al) 
hail to railway progress, as “ enubling them to carry on 
with greater facility those operations in connexion with 
religion which were caloulated to bo so beneficial to the 
country.” Tho army, rpeaking through the mouth of 
General A'Court, acknowledged the vust importance of 
mniiways, as tending ty improve the military defences of the 
country. And représeptatives from cight corporations wore 
there to acknowledge the great benefits which railways 
had ounferred upon the mercdunta, tradcamen, and working 
classer of their rospective tuwne and citios. 

In thé spring of 1848 Mr. Stepbinsun was invited to 
Whittington House, near Chesterfield, the residence of his 
friend and former pupil, Mr. Swanwick. tu meet the dir- 
tinguished American, Emerson. Upon being introduced, 
they did not, immediately engage in conversation; but 
presently Stephenson jumped up, took Ezaerson by the 
collar, and giving him one of his friendly shakes, asked 
how it was thit in England we culd always tell an 
American? ‘This led to an interesting conversation, in the 
course of which Emerson said how much he had been 
everywhere struck by the halences and comeliness of the 
English nfen and women- and then they diverged into 
a further discussion of the infiuences which air, climate, 
moisture, soil, and other conditions exercised upon the 
physical and moral development of a people. ‘ihe con- 
vermation was next directed to the subject of electricity, 
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upon which Stephenson launched out enthusiastically, ex- 
plaining his views by several simple and striking illus 
trations. From thence it gradually turned to the eventa 
of his own life, which he related in se graphic a manner as 
completely to rivet the attention of the American. After- 
wards Emersun said, “that it was worth crossing the 
Atlantic to have seen Stephenson alone; ho had such na- 
tive foreo of character and vigour of intellect.” 

The rest of Mr. Stephenson's days were spent quietly 
at Tapton, amongst bis dogs, hix rabbits, and his binds. 
When not engaged abuut the works ounnected with his 
collieries, he was occupied in horticulture and farming 
He continued proud of his flowers, his fruits, and his crops; 
and the old spirit of competition was still strong within 
him. Although he had for some timo been in delicate 
health, and his hand shook fiom norvous affeotiun, he 
appeared to possess a sound constitution. Emerson had 
obeerved of him that ho had the lives of many men 
in him. But perhaps the American ‘spoke figuratively, in 
reference to his vast stores of experience. 11 appeared that 
he had never completely recovered from the attask of 
pleurisy which seized him during his roturn front Spain. 
As late, however, as the 26th July, 1848, he felt himself 
sufficiently well to bo able to attend a mecting of the 
Institute of Mechanical Engineers at Birmingham, and to 
read to the membors his paper “On tho Fallacies of the 
Rotatory Engine.” It was his last appearance before them. 
Shortly after his return to Tapton, ho had an attack of 
intermittent fever, fgom which he seemed te be recovering, 
when a sodden effusion of blood from the lungs carried 
him off, on the 12th August, 1848, in the sixty-sevengh 
year of* his age. When all was over, Robert wrote to 
Edward Pease, “ With deep paip I inform you,%s one of 
his oldest friends, of the death of my dear father this 
morning at 12 o’clock, after about ten days’ illness from 
severe fever.” Mr. Starbuck, who was also present, wrote, 
“Te favoursble symptoms of yesterday morning were 

% Za 
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evening followed by a serious change for the woreo, 

This pontinued during the night, and early this morning it 

becarfe evident that he was sinking. Ata few minutes 

befcfe 12 to-day he breathed his last. All that the most 

devofed and unremitting care of Mrs. Stephenson * and the 

i}’of medicine could accomplish, has been done, but 
int vain.” 

Gcorge Stephenson's remains were followed to the grave 
by # large body of his workpeople, byewhom he was greutly 
admired and beloved. They remembered him as a kind 
master, who waa ever ready actively to promote nll measures 
fur their moral, physical, and mental improvement. Tho 
inhabitants of Chesterfield evinced their respect for the 
deceased by suspending business, closing their shops, and 
joining in tho funeral procession, which was headed by the 
corporation of the town. Many of the surrounding gentry 
also attended. The body was interred in Trinity Church, 
Chestorfield, whoré simple tablet marke the great engi- 
neer’s last resting-place. 

The statue of George Stephenson, which the Liverpool 
and Manchoster and Grand Junction Companies had com- 
wimsiondd, was on its way to England when his death 
vccurred; and it served fur a monument, though his beet 
monument will always be his works. ‘The statue referred 
to wax placed in St. Georgo’s Hall, Liverpool. A full-length 
atatue of him, by Bailey, was aleo erected a fow years later, 
in the noble vestibule of the London and North-Western 
Station, in Euston Square. A subscription for the purpose 
was pet on foot.by the Society of Mechanical Engineers, of 
which he had been the founder and president. A few 
advertisements were inserted in the newapayers, inviting 
subscriptions; and it is a notable fact that the voluntary 
offerings Included an average of two shillings each from 


* The accond Mire. Stephenson months before his death, The third 
having died in 1845, George mar ‘Mra. Stephenson bed for somayime 
ied a third time tn 1848, ebout six bao his 
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8150 working men, who embraced this opportunity of doing 
honoar to their distinguished fellow workman. 

But unquestionably the finest and most appropriate statue 
to the memory of George Stephen-on is that erected in 1882, 





after the design of Juhn Lough, at \cweastle-upon Ty ue 
It is in the ummediate neighbourhood of the” Literary and 
Philosophical Institute, to which both George and his pun 
Robert were so much, indebted in their early yoars , cle to 
the great Stephenson locomotive foundry established by 
the ehrewdncas of the father; and in the vicinity of the 
High Level Bridge, ono of the grandest products of the 
geniua of the son. The head gf Stephenson, a#oxpreseed 
in this noble work, is massive, characteristic, and faithful , 
and the attitude of the figure ix simple yet manly and 
a es It stands on a pedestal, at the respective corners 
of which are sculptured the recumbent figures of a pitman, 
a mechanic, an engine-driver, and a plate-layer. The statue 
fa2 


356 PERSONAL APPEARANCE, Cuar. XVII. 


appropriately stands in a very thoroughfare of warking- 
men, thousands of whom see it daily as they pam to and 
from their work; and we can imagine them, as they look 
up to Stephenson's manly figure, applying to it the words 
addressed by Robert Nicoll to Robort Burns, with parhape 
still greater appropriateness :— 
“Before the proudest of the earth 
‘We stand, with an uphited brow; 
Like us, thou wast a toiling ran,— 
And we are noble, now 1” * 

The portrait prefixed to this volume gives a good indica- 
tion of George Stephenson’s shrewd, kind, honest, manly 
face. His fair, cloar countenance was ruddy, and seemingly 
glowed with health. The furehesd was large and high, 
projecting over the eyes, and there was that massive breadth 
across the lower part which is usually observed in men of 
eminent constructiyp skill. The mouth was firmly marked, 
and shrewdness and hymour lurked there as well as in the 
keon grey eye. His frame was compact, well-knit, and 
rather spare. His hair became grey at an early age, and 
towaftis the close of his life it was of a pure silky whitenoas. 
‘Ho dressed neatly in black, wearing a white neckcloth ; and 
his face, his person, and his deportment at once arrested 
attention, and marked the Gentleman. 
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‘Vuctoria Bridge, Montreal. 


CHAPTER XIX. 


Boxmar Srermanson’s Vioronta Butpar, Lowen Canapa— 
Teunxse ann Dearn — SrerHanson Cuanacrensetios, 


Grorax Stephenson ‘bequeathed to hie fon his valuable 
collieries, his sharo in the engine manufactory at Nowcastle, 
and his large accuranlation of savings, which, togother with 
the fortune he had himself amassed by railway work, gavo 
Robert the position of an engineer millionaire—tho first of 
his order. He continued, however, tv live in » quiot style, 
and although he botight occasional picturds and statues, aud 
indulged in the luxury of a yacht, he did not live up to his 
income, which went on rapidly accumulating until his déath. 

‘There was no longer the neoosity for applyjng himself 
to the leborious business of a° parliamentary engineer, in 
which he had now been occupied for some fifteen years. 
Shortly,after his father’s death, Edward Pease strongly 
refommended him to give up the more harassing work of 
his profession; and his reply (15th June, 1850) wan as 
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follows :—“ The snggestion which your kind note contains 
is quite in accordance with my own feelings and intentions 
reapecting retirement; but I find it a very difficult matter 
+o bring to a close so cumplicated a connexion in business 
ag that which has been established by twenty-five years of 
active and arduous professional duty. Comparative retire- 
ment is, however, my intention; and I trust that your 
prayer for the Divine blessing to grant me happiness and 
quiet comfort will be fufilled. I cammot but feel deeply 
grateful to the Great Disposer of events for the encoems 
which has hitherto attended my exertions in life; and I 
trust that the future will also be marked by a continuance 
of His mercies.” 

Although Robert Stephenson, in conformity with this 
expressed intention, for the most part declined to undertake 
new business, he did not altogether lay aside his harneas; 
and he lived to repeat his tubular bridges both in Lower 
Canada and in Egypt. The success of the tubular system, 
aa adopted st Monai ahd Conway, was such as to recom- 
mend it for adoption wherever great span was required ; 
and the peculiar circumstances connected with the naviga- 
tion of tle St. Lawrence and the Nileymay be said to have 
compelled its adoption in carrying railways across those 
great rivers. 

The Victoria Bridge, of which Robert Stephenson waa 
the designer and chief engineer, is, without exception, the 
greatest work of the kind in the world. For gigantic pro- 
fortions end vast length and strength there fs nothing to 
compare with it,in ancient or modernstimes. The entire 
bridge, with its approaches, is only about sixty yards short 
of fo miles, being five times longer than the Britannia 
across the Menai Straits, seven and a half times longer than 
Waterloo Bridge, and more than ten times longer than the 
new Chelsea Bridge across the Thames! It has not leas 
than twenty-four spans of 242 feet each, and one great 
central span—itself an immense bridge—of 830 feet. The 
road is carried within iron tubes 60 feet above the level of 
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the St, Lawrence, which runa beneath at a speed of about 
ten miles an hour, and in winter brings down the ice of twu 
thousand square miles of lakes and rivers, with their nume- 
rous tributaries. The weight of iron in the tubes is about ten 
thousand tons, supported on massive piers, which cuntain, 
some six, and others ten thoumnd tons of solid masonry. 

So gigantic a work, invelving so heavy an expenditure 
—abont 1,300,000.—was not projected without sufficiont 
cause, Tho GrandeTronk Railway of Caunda, upwards ¢t 
1200 miles in length, traverses Hritish North America frow. 
the shores uf the Atlantic to the rich prairie country of the 
Far West. It opens up a vast oxtent of fortile torritury for 
futuro immigratiun, and provides a ready means fur traxport- 
ing the varied products of the Western Statew to the sea- 
board. So lung as tho St. Lawrenge wen relied upon, the 
inhabitants along the Great Valley were precluded from 
communication with each other for nearly six months ot 
the year, dpring which the navigation Was cloud by the ice, 

The Grand Trunk Railway was designed to furnish a 
line of communication through this groat district ut all 
seasons; following the course of the St. Lawrunco alpng its 
north bank, and uniting the principal towns of Cauuda. 
But stopping short on the north shore, it was still an in- 
complete work; unconnected, except by a dangerous and 
often impracticable ferry, with Montreal, tho capital of the 
province, and shut off from connection with the United 
States, a8 well as with the coast to which the commeroo of 
Canada naturally tends. Without « bridge at Montreal, 
therefore, it was felt that the systom ef Canadian mil- 
way communication would have been incomplete, and the 
benefits of the Grand Trank Hailway in a great moasure 
nugatory. 

As early as 1846 the construction of a bridge acrom the 
Bt. Lawrence at Montreal was strongly advocated by 
the local press for the purpose of directly connecting that 
city with the then projected Atlantic and St. Lawrence 
Bailway. A survey of the bridge was made, and “be 
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scheme was reported to be practicable. A period uf colonial 
depression, however, intervened, and althuugh the project 
‘waa not lost sight of, it was not until 1852, when the Grand. 
Trunk Railway Company began their operations, that there 
seomed tu be any reusonable prospect of ita being carried 
out, In that year, Mr. A. M. Ross—who had supermtended, 
under Rube:t Stephenson, the construction of the tubular 
bridge over the Conwuy—visited Canada, anid mapeoted the 
site of the proporod bridge, when he readily arrived at the 
conclusiun that a like structure was suitable for the crowing 
vf tho St. Lawrence. He returned to England to confer 
with Robert Stephensun on the subject, and the result waa 
the plan of the Victoria Bridge, of which Rubert Stephenayn 
was the designer, and Mr, A. M. Hoss the joint and readent 
engineer. 

‘The particular kind of structure to be adopted, however, 
formed the subject of much preliminary discussion. Even 
after the design ofa fubular bridge had been adopted, 
and the piers were commenced, the plan was made tho 
subject of severe criticka, du the ground of ite sueged 
pxcessicre cost. It therefore became necessary for Mr. 
Stephensdh to vindicate the propriety of his design in a 
report to the directors of the railway, in which he satisfac- 
turily proved that as respected strength, efficiency, and 
economy, with a view to permanency, the plan of the 
Victoria Bridge was unimpeachable, There were various 
methods proposed for spanning the St. Lawrence. The. 
suspension bridge, such as that over the river Niagara, was 
found inapplicably for several reasons, Hut chiefly because 
of its defective rigidity, which greatly limited the speed and 
weight of the trains, and consequently the amount of frafio 
which oould be passed over auch a bridge. Thus, taking the 
length of tHe Victoria Bridge into account, it wus found 
that not more than 20 trains could pasa within the 24 
hours, a number insufficient for the accommodation of the 
anticipated traffic. To introduce such an amount of mate- 
vial into the suspension bridge as would supply increased 
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rigidity, would only be approximating to the original beam, 
and neutralizing any advantages in point of choapness 
which might be derivable from this form of structure, 
without securing the emential stiffness and strength. Iron 
arches were also considered inapplicable, because of the 
large headway required for the passage of the ioe in winter, 
and the necessity which existed for keeping tho xpringing 
of the arches clear of the water-line, ‘hix would have 
involved the réixing of the entire road, and a largely 
increased expenditury on tho upper worker, ‘The question 
was thorefure reduced to tho consideration of the kind of 
dorizontal beam or girder to be employed. 

Horizontal girders are of threo kinds. The Tubwar is 
constrocted of riveted rectangular boilor platen Where 
the span is large, tho roud passex within the tube; where 
the span is comparatively small, the roadway iv supported 
by two or more rectangular beams. Noxt there is the 
Laltice girder, borrowed from the loose Fough timber bridges 
of the American ongineors, consisting of a top and bottom 
flange connected by a number of flat irun bars, riveted 
across each other at a certain angle, the roadway rosting on 
the top, or being suspended at the bottom betWeon the 
lattioa on either side. Bridges on the same construction 
are now extensively used for crossing the broad rivors of 
India, ond are oxpeciallly designed with » viow to their 
casy transport and erection. Tho Trellis or Warron girder 
isa modification of the same plan, consisting of a tup and 
bottom flinge, with a connecting web of diagunal flat bars, 
forming » complete system of triangulution—hence the 
name of “Triangular girder,” by which it ia gonemlly 
known. The merit of this furm consists in its comparative 
rigidity, strength, lightness, and economy of material, 
‘These bridges are also extensively employed id spanning 
the rivers of India. One of the best specimena is the 
Crumlin viaduct, 200 feet high at one point, which spans 
the rive? and valley of the Ebbw near the village of Crumlin 
in South Welea This viaduct is about a third of a mile 
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long, divided into two parts by s ridge of hills which runs 
through the centre of the valley—eech part forming a 
separate viaduct, the one of seven equal spans of 150 feet, 
the other of three spans of the same diameter. The bridge 
han beon very skilfully designed and constructed, and, by 
reason of it» groat dimensions and novel arrangements, is 
entitled to be regarded as one of the most remarkable 
enginvcring works of the day. 

“In calculating the strength of theeg different classes of 
girders,” Mr. Stephenson observed, “one ruling principle 
appertains, and is common to all of them. Primarily and 
cwsentially, the ultimate strength is considered to exist in 
the top and bottom,—the former being exposed to a com- 
pression force by the action of the load, and the Jatter to a 
foree of tension; therefure, whatever be the class or de- 
nom/nation of girders, they must all be alike in amount of 
effective matorial in these members, if their spans and 
depths aro the same, and thoy have to sustain the same 
amount of load. Honco, the question of comparative merit 
amongst the different claseés of construction of beams or 
girders is really narrowed to the method of connecting the 
top and bottom webs, so called.” In the tubular system the 
connexion is effected by continuons boiler plates riveted 
together; and in the lattice and trellis bridges by flat iron 
bars, more or lexs numerous, forming a series of struts and 
ties. Those engineers who advocate the employment of the 
latter form of construction, sot forth as its principal advan- 
tage the saving of material which is effected by employing 
‘bars instead of iron plates; whereas Mr. Stephenson and 
his followers urge, that in point of economy the boiler plate 
side ia equal to the bars, whilst in point of affective strength 
and rigidity it is decidedly superior. To show the compa- 
rative ecoflomy of material, he contrasted the lattice girder 
bridge over the river Trent, on the Great Northern Railway 
near Newark, with the tubes of the Victoria Bridge. In 
the former case, where the span is 240} feet, and the briige 
18 feet wide, the weight including bearings ia 292 tons; 
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in the latter, where the span is 242 feet, the width of the 
tube 16 feet, the weight including bearings is 275 toms, 
showing a balance in favour of the Victoria Tube of 17 tons. 
The comparison between the Newark Dyke Bridge and the 
Tubular Bridge over the river Aire is equally favourable to 
the latter; and no one can have travelled over the Great 
Northern line to York without noting that, as Tespocta 
rigidity under the pessing train, the Tubular Bridge is 
decidedly supefior.e It ix ascertained that the deflection 
caused by a passitfg load is considorably greater in the 
former case; and Mr. Stephenson was also of opinion that 
the sides of All trellis or lattice girders are useless, except 
for the purpose of connecting the top and bottom, and 
keeping them in their position. They depond upon their 
connexion with the top and bottom webs fur their own 
support; and since they could not sustain their shape, but 
would collapse immediately on their being dixconrivcted 
from their top and bottom members, iia evident that they 

add to the strain upon them, arid conrequently to it 
extent redaco the ultimate.strongth of tho beama “I 
admit,” he added, “ that there ie no formula for valujng the 
solid sides for straima, and that at present we only ascribe 
to them the valne or use of connecting the top and bottom ; 
yet we are aware that, from their continuity and solidity, 
they are of value to resist horizontal and many other strains, 
independently of the top and bottom, by which they add 
very much to the stiffness of the beam; and the fact of 
their containing more material than is necessary to connect 
the top and bottam webs, has by no qeans been fairly 
established.” Another important advantage of the Tubular 
bridge over the Trellis or Lattice structure, consists in its 
greatér safety in event of @ train running off the liné,—a 
contingency which has more than once comrred on a 
tubular bridge withont detriment, whereas in event of such 
an accident occurring on a Trellis or Lattice bridge, it must 
infallibly be destroyed. Where the proposed bridge is of 
the unusual length of a mile and e quarter, it is obvions 
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that thin consideration must have had no small weight 
with the directors, who eventually decided on 

with the Tubular Bridge according to Mr. Stephenson's 
original design. . 

From the first projection of the Victoria Bridge, the 
difficulties of executing such a work across a wide river, 
down which an avalanche of ice rushes to the sea every 
spring, were pronounced almost insurmountable by those 
Bost acquainted with the locality. The ide of two thou- 
sand miles of inland lakes and upper rivers, besides their 
tributaries, is then poured down stream, and, in the neigh- 
bourhood of Montreal especially, it ia often piled up to 
the height of from forty to fifty feet, placing the sur- 
rounding country under water, and doing severe damage 
to tho massive stone buildings along the noble river front 
2 To resist 80 prodigious @ pressure, it was 

that the piers of the proposed bridge should be 
Of the tot ool aft massive description Their founda- 
tions are placed in the éolid rock; for none of the artificial 
methods of obtaining foundations, suggested by some en- 
gineerg for cheapness’ sake, were found practicable in this 
case. Whtre the force exercised against the piers was likely 
to be wo great, it was felt that timber ice-broakers, timber 
or cast-iron piling, or even rubble-work, would have proved 
but temporary expedients. The two centre piers are 
eightoon feet wide, and the remaining twenty-two pier 
fifteen feet; ‘to arrest and break the ice, an inclined 
plane, composed of great blocks of stome, was added to the 
up-river side of egch pier—each block weighing from seven 
to ten tons, and the whole were firmly clamped together 
with iron rivets. 

'o convey some idea of the immense force which these 
piers are required to resis}, we msy briefly describe the 
breaking up of the ice in March, 1858, while the bridge 
was under construction. Fourteen out of the twenty-four 
piers were then finished, together with the fortnidahle 
abutmenta and approaches to the bridge. The ice in the 
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river began show signs of weakness on the 29th March, 
pat it was not until the 31st that s genoral movement 
Dooame observable, which continued for an hour, when 
it suddenly stopped, and the water rose rapidly. On the 
following day, at noon, a grand movement commenced ; 
the waters rose about four feet in two minutes, up to 
& level with many of the Montreal streets. Tho fiolda 
of ice at the same timo were suddenly elevated tu an 
incredible height; and s0 overwhelming wore thoy in 
pearance, that crewds of tho townspeople, who had 
assembled on the quay to watch ihe progross of the flood, 
ran for their lives, This movement lasted about twonty 
minutes, during which the jammed ice destroyed sevoral 
portions of the quay-wall, grinding the hardest blucks to 
atoms, The embanked approaches to the Vioturia Bridgo 
had tremendous furces to resist. In the full chnnnel of 
the stream, the ico in ite paamge betwoen the piore was 
broken up by the force of the blow immediately on its 
coming in’ contact with the cutwaters, Somotimes thick 
sheets of ice were seen to ripe up and rear on end against 
the piers, but by the force of the current they were ily 
made to roll over ipto the stream, and in a mompu 
were out of sight. For the two noxt days the rivor was 
still high, until on the 4th April the waters seemed sud- 
denly to give way, and by the following day tho river was 
flowing clear and smooth as a millpond, nothing of winter 
remaining except the masses of bordage ite which were 
bebe raes Say ar abe helt ra On examination 
of the piers of bridge, it was found that they had 
admirably the tremendous pressure; and though 
the timber “cribwork” erected to facilitate the placing 
of fidating pontoons to form the dams, was found *oon- 
siderably disturbed and in some places seriougly damaged, 
the piers, with the exception’ of one or two heavy stone 
blocks, which were still unfinished, escaped uninjured. 
Qpe heavy block of many tons’ weight was carried to »' 
considerable distance, and must have been torn out cf its 
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place by eheer force, as several of the brokin fragments 
were found left in the pier. 

The works in connection with the Victoria Bridge were 
began on the 22nd Jnly, 1854, when the first etone was 
Jaid, and continued uninterruptedly during a period of 54 
years, until the 17th December, 1859, when the bridge was 
fininhed. end taken off the contractor's hands. lt waa 
formally opened for traffic early in 1860; though Robert 
Stephenson did not live to see its completion. 

Tho tubular system was aleo applied by the same en- 
gineer, in a modified form, in the two bridges across the 
Nile, near Damietts in Lower Egypt That near Benha 
contains eight spans or openings of 80 feet each, and two 
centre epans, formed by one of the largest swing bridges 
ever cunstructed,—the total length of the swing-beam 
being 157 feet,—a clear water-way of 60 fect being pro- 
vided’ on either side of the centre pier. The only novelty 
in these bridges conSisted in the road being carried upon 
the tnbes instead of within them, their erection being 
carried out in the usual masnor, by moans of workmen, 
materigls, and plant sent out from England. 

Duringethe later years of his life, Mr. Stephenson took 
considerable interest in public affairs and in scientific 
investigations. In 1847 he entered the House of Commons 
as momber for Whitby ; but he does not seem to have been 
very devoted in his attendance, and only appeared on 
divisions when there was a “whip” of the party to which 
he belonged. He was a momber of the Sanitary and 
Sewage Commissjons, and of the Commission which sat 
on Westminster Bridge. The last occasions on which he 
addressed the House were on the Suez Canal and the 
cleatiaing of tho Serpentine. He pronounced the “Sues 
Canal to beean impracticable scheme. “I have surveyed 
the line,” said he, “ I have travelled the whole distance on 
foot, and 1 declare there is no fall between the two seas. 
Honourable members talk about a canal. A canal*is im- 
poesible—the thing would only be a ditch.” 
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Besides odnstrusting the railwsy botween Alexandria 
und Cairo, he was consulted, like his father, by the King 
of Belgium, aa to the railways of that country; and he was 
made Knight of the Order uf Leupold because of the im- 
provements which he had mude in locomotive engines, so 
much ty the advantage of the Beigian system of inland 
transit. He was consulted by the King of Sweden as to 
the railway between Christiana and Jake Mivsen, and in 
gonsideration of* hiseorvices was decorated with the Grand 
Oross of the Order of St. Olaf. He also visited Switzerland, 
Piedmont, and Denmark, to advise ax to the system of 
railway communicatiun best suited for those cvuntricy, At 
the Paris Exhibition of 1855 the Emperor of France de- 
corated him with the Legion of Monour in consideration 
of his public sorvices; and at home thu University of 
Oxford made him a Doctor of Civil Lawa In 1855 he 
was elected l’resident of the Institute of Civil ongineers, 
which offige he held with honour ghd filled with dis 
tinguished ability for two years, giving place to his friend 
My. Looke at the end of 1857 

Mr. Stephenson was frequently called upon to got ay 
arbitrator between eontractors and railway companies, or 
between one company and another,—great value being 
attached to his upinion on account of his weighty judg- 
ment, his great experience, and his upright character, and 
we believe his decisions were invariably stamped by the 
qualities of impartiality and justice. He was always ready 
to lend a helping hand to a friend, and no petty jealousy 
stood between himend his rivals in the euginecring world 
The author remembers being with Mr. Stephenson one 
evening at his house in Gloucester Square, when a ote 
‘was put into his hands frum his friend Brunul, then en- 
gaged in his first fruitless gfforts to launch the Great 
Eastern. It was to ask Stephenson to come down to 
Blackwall carly next morning, and give him the benefit 
ef, hia ‘judgment. Shortly after six next morning Ste- 
phonson was in Scott Hussell’s building-yard, and he 
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remained there until dusk. About midday, ‘while super. 
intending the launching operations, the baulk of timber 
on which he stood canted up, and he fell up to his middle 
in the Thames mud. He was dressed aa usual, witht 
great-ooat (though the day was bitter cold), and with only 
thin boots upon his feet. We was urged to leave the yard, 
and change his dress, or at least dry himself; but with 
his usual disregard of health, he replied, “Oh, never mind 
me—I'm quite used to this sort of thing:” and ho went 
peddling about in tho mud, smoking his cigar, until 
almost dark, when the day's work was brought to ap 
end. Tho result of this exposure was an attack of in- 
flammation of the lnngy, which kept him to hia bed for a 
fortnight. 

Tie was habitually careless of his health, and porhapa 
he indwiged in narcotics to a prejudicial extent. Hence 
he often became “hipped” and sometimes il. When Mr. 
Sopwith sccompanied him to Egypt in the Titania, in 1856, 
‘he succecdod in persuading Mr. Stophenson to limit his 
indulgence in cigars and stimulants, and the consequence 
was that by the end of the voyage he felt himself, as he 
said, “qtite new man.” Arrived ut Marseilles, he tele- 
graphed from thence a message to Great George Street, 
prescribing certain stringent and salutary rules for ob- 
servance in the office there on his return. But he was 
of a facile, gocial disposition, and the old associations 
proved too strong for him. When he sailed for Norway, 
in the autumn of 1859, though then ailing in health, he 
looked a man who had ctill plenty of life in him. By 
the time he returned, his fatal illness had seized him. 
He, was attacked by congestion of the liver, which first 
developed itself in jaundice, and then ran into dropay, of 
which he died on the 12th October, in the fifty-aixth year 
of his age® He was buried by the side of Telford in 
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Westminster*A bboy, amidst the departed great men of hi 
country, and was attended to his resting-place by many 
of the intimate friends of hia boyhood and his manhond. 
Among those who assembled roundehia grave were some 
of the greatest men of thought and action in England. 
who embraced the sad occasion to pay the lust mark of 
their reapect to this lustrious son of ono of England's 
greatest working men. 





‘Robert Stephenson’s Bunal-plece in Westminster Abbey. 
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« It would be out of keeping with the subje@t thus drawn 
to & conclusion, to pronounce any panegyric on the cha- 
acter and achievements of George and Rubert Stephenson. 
‘These for the most pert speak for themselves, Both were 
emphatically true men, exhibiting in their lives many 
sterling qualities. No beginning could have been less 
promising than that of the elder Stephenson. Burn in a 
poor condition, yet rich in spirit, he was from the first 
compelled to rely upon himself; and every step of advance 
which he made was conquered by patient labour, Whethor 
working as a brakeaman or an engineer, hix mind was 
always fuli of the work in hand. THe gave himself 
thoroughly up to it, Like tho painter, he might say thet 
he had become great “by neglecting nothing.” Whatever 
he was engaged upon, he was as careful of the details as 
if egch were itself the whole. He did all thoronghly and 
honestly. ‘Thore was no “scamping” with him. When 
a workman he puf hie brainy and labour into his work ; 
and when a master Be put his conscience and character 
into it. He would have no slop-work executed merely 
for tyo sake of profit. The materials must be as genuine 
ea the workmanship was skilful. Qho structures which 
he designed and executed were distinguished for their 
thoroughness and solidity; his locomotives were famous 
for their durability and excellent working qualities. The 
engines which he sent to the United States in 1832 are 
still in good condition; and even the engines built by 
him for the Killingworth Colliery, upwards of thirty 
years ago, are working steadily there to this day. All his 
work was honest, representing the actual character of the 


mgn. 

He was ready to turn his hand to anything—shoes and 
clocks, raflways and locomotives. He contrived his safety- 
lamp with the object of saving pitmen’s lives, aud perilled 
his own life in testing it. Whatever work was nearest him, 
be turned to and did it, With him to resolve was tg do. 
Alany men knew far more than he; but none were more 
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ready forthwith to apply what he did know to practical 
parposes. It was while working at Willington aaa brakes- 
man, that he first learnt huw best to handle a spade in 
throwing ballast out of the ships’ hokis. This casual em- 
ployment seems to have left upon his mind the atrongost 
impression of what “hard work” was; and he often used 
to revert to it, and ey to the young men about him, * Ah, 
ye lads! there's none o’ ye know what wark is.” Mr. Gooch 

says he was préud of the dexterity in handling a spade 
which he had thus ‘acqnired. and that be has frequently 
peen him take the shovel frum a Inbourer in some milway 
outting, and show him how to us it more deftly in filling 
waggons of earth, gravel, or sand. Sir Joshua Walmsley 
has also infurmed us, that, when examining tho works of 
the Orleans and Tours Nailway, Mr. Stephenson, secing a 
large number of excavators filling and whcoling sung in 
® outting, at a great waste of time and labour, went up to 
the men said he would show them how to fill their 
barrows in tho time. He showed them tho proper posi- 
tion in which to stand £0 as toroxercine the greatest amount 
of power with the least expenditure of strength; aad he 
filled the barrow with comparntive case uguin an@again m 
their presence, to the great delight of the workmen. When 
passing through his own workshops, he would point out 
to his men how to rave labour, and to got through their 
work skilfally and with ease. His energy imparted itself 
to othors, quickening and influencing them as strong cha- 
racters always do—fiowing down intu tees, and bringing 
out their best power. 

His deportment towafis the workmen “employed under 
him was familisr, yet firm and consistent. As he respequd 
their manhood, so did they respect his masterhood. Al- 
though he comported himself towards his mon®as if they 
oceupied very much the same level as himself, he yet 
possessed thet peculiar capacity for governing which en- 
abled him always to preserve among them tho strictest 
discipline, and to secure their cheerful and hearty services, 

2n2 
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Mr. Ingham, MP. for South Shields, on gding over the 
workshops at Newcastle, was particularly struck with this 
quality of tho master in his bearing towards his men. 
“Thore was nothing,” said he, “of undue familiarity in 
their intercourse, but they spoke to each other as man to 
tan; and nothing scomed to please the master more than 
to point out illustrations of the ingenuity of his artixans. 
Tie tovk up a rivet, and expatiated on the ekill with which 
it had ven fashioned by the workmar's hund—its perfeot- 
ness and truth. He was always proud ‘of his workmen and 
his pupils; and, whilo indifferent and careless as to what 
might bo said of himself, he fired up in a mument if dispa- 
yagement were thrown upon any one whum he had tangbt 
or trained.” 

In mannor, Goorge Stephenson was simple, modest, and 
vnansnming, but always manly. He was frank and social 
in spirit. Vi hen a humble workman, he had carefully pre- 
werved hin nenno cf self-rexpect. Hix companions locked 
up to him, and his example was worth even more to many 
of them than books or schoolk. His devoted love of know- 
ledge. made hia poverty respectable, and adorned his 
hhmable ‘talling. When he rose to & more elevated sta- 
tion, and associated with men of the highest position and 
influence in Britain, he tuck his place amongst them with 
perfect sclf-possession. They wondered at the quiet ease 
and simple dignity of his dvportment; and men in the best 
ranks of life have snid of him that “He was une of Nature's 
gentlemen.” 

Probably no military chiefs wero ever more beloved by 
their suldiers than were both futher and son by tho army of 
men who, under their guidance, worked at labours of profit, 
mado labours of love by their earnest will and purpose. 
True leadérs of men and lords of industry, they were dlways 
ready to recognise and encourage talent in those who worked 
for and with them. Thus it was pleasant, at the openings 
of the Stephenson lines, to hear the chief enginetrs attri- 
bating the successful completion of the works to their shle 
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assistants; whilst the assistants, on the other hand, ascribed 
the glory to their chiefs. 

Mr. Stephenson, though a thrifty and frugal man, was 
essentially unrordid. Ilis rugged path in early fa made 
him careful of his resonreca, He never saved to hoard, but 
saved fur a purpose, sich as the maintenance of hia parents 
or the edncation of hia son. In later years he bocume o 
prosperous and even a wealthy nun; but riches never 
closed his hearf nor stole away the clasticity of his soul. 
He enjoyed life cheerfully, becanee hopefully, When bo 
entered upon a commercial enterpriee, whether for others ur 
for himself, he looked carefully at the ways and means. 
Tnless they would “pny,” be held back. “IIe wonld have 
nothing to do,” he declared, * with stuck-jobbing speenla- 
tions.” Tis refuwl to sell hia name to tho schemes of tho 
railway mania—his survey of the Spanish lines without 
yemuncration—his offer to postpone his claim for payment 
from a Poor gompany until their affairs beeamo moro prosper- 
oue—are instances of the unsordid spirit in which ho acted. 

Another marked fcaturo im Mr. Stephenson's character 
‘was his patience. Notwithstanding the strength of his con- 
victions as to the great uses to which the locomotive might 
be applied, he waited long and patiently fur tho opportunity 
of bringing it into notice; and for years after he had com- 
pleted an efficient engine ho went on quietly devoting 
himself to the ordinary work of the colliery. , Ho made no 
noise nor stir about his locomotive, but allowed another 
to take credit for the experiments on velocity and friction 
made with it by himself wpon the Killingworth railroad. 

By patient industry @nd laborious cuntrivance, he was 
enabled, with the powerful help of his son, to do for the 
locomofive what James Watt had done for the oondensing 
engin’. He foynd it clumsy agd inufficient; antl he made 
it powerful, efficient, and useful. Both have been described 
as the improvers of their respective engines; but, as to all 
thay is admirable in their structure or vast in their utility, 
they are rather entitled to be described as their Inventors 
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While the invention of Watt increased the power, and at 
the name time so regulated the action of the steam-engi 
as to make it capable of being applied alike to the hardest 
work and to the finest manufactures, the invention of Ste- 
Plenson gave an effective power to the locomotive, which 
enabled it to perform the work of teams of the moat 

fal horses, and to outstrip the speed of the floetest. Watt's 
invention exercised a wonderfully quickening influence on 
every branch of industry, and multiplied’ a thousand-fold 
tho amount of manufactured productions; and Stephenson's 
enabled these to be distributed with an economy and de- 
spatch such as had never before beon thought possible 
Thoy have both tended to inorease indefinitely the mass of 
human comforts and enjoyments, and to render them cheap 
and acoossible to all. But Stephenson’s invention, by the 
infiyence which it is daily exercising upon the civilisation 
of the world, is even more remarkable than that of Watt, 
and is calculated to hayo etl! more important consequences, 
In thie respect, it is to bo regarded as the grandest applica- 
tion of steam power that has‘yet beon discovered. 

Th. Locomutivo, like the condensing engine, exhibits the 
realisatidn of various capital, but wholly distinct, ideas, 
promulgated Ly many ingenious inventors, Stephenson, 
like Watt, exhibited a power of selection, combination, and 
invention of his own, by which—while availing himself of 
all thot had been done before him, and superadding the 
many skilful contrivances devised by himeelf—he was at 
length enabled to bring his engine into s condition of mar- 
vellous power aid efficiency. He gathered together the 
scattered threads of ingenuity which already existed, and 
combined them into onc firm and complete fabric of hia 
own. He reslised the plans which others had imperfectly 
formed; s#hd was the first to construct, what so many 
others had unsuccessfully attempted, the practical and e00- 
nomical working locomotive. 

‘Mr. Stephenson’s close and accurate observation provided 
him with a fulness of information on many subjects, which 
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often appeartd surprising to those who had devoted to them 
a apecial study. On one occasion the accuracy of hia know- 
ledge of birds came out in a curious way at & ccnrivial 
meeting of railway men in Londop. The engineers and 
railway directors prosent knew each other as railway men 
and nothing more. The talk had been all of railways and 
railway politica Mr. Stephenson was s great talker on 
those subjects, and was generally allowed, from the interost 
of his conversation gnd thy extent of his experience, to take 
the lead. At length one of the party broke in with— 
“Come now, Stephenson, we have had nothing but rail- 
wayn; cannot we have a chango and try if we can talk a 
little about somothing else?” “Well,” mid Mr. Stephen- 
son, “I'll give you a wido range of subjects; what shall it 
be about?” “Say birds’ nests /” rejoined the other, whe 
prided himself on hia special knowledge of this subject. 
“Then birds’ nosts be it.” A long and animated emtroraa- 
tion ensued: the bird-nesting of hiw boyhood, the black- 
bird's nest which his father had held him up in his arms to 
look at when a child at Wylam, the hedyw in which he 
had found the thrush’s and the linnet’s nesta, the mosuy 
bank where the ropin built, tho cleft in tho brgnch of the 
young tree whore the chaffinch had reared its dwolling—all 
rose up clear in his mind's eye, und led him back to the 
acenes of his boyhood at Callertun and Dewley Burn. The 
colour and number of the bird's eggs, the period of their 
incubation, the materials employed by them for the walle 
and lining of their nesta, were described by him so vividly, 
and illustrated by such graphio anecdotes, that one of the 
party remarked that, Jf George Stephenson had not been 
the greatest engineer of his day, he might have been one of 
the greatest naturalists, 

His Bore of corona mere wer es He was sv 
thoughtful, so original, and“ so suggestive. There was 
ecarcely a department of science on which he had not 
formed some novel and sometimes daring theory. Thus’ 
Gir. Gooch, his pupil, who lived with him when at Liver 
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pool, info:ms us that when sitting over the fife, he would 
frequently broech his favourite theory of the eun’s light 
and heat being the original source of the light and heat 
given forth by the burning coal. “It fed the plants of 
which that oval is made,” he would my, “and has been 
bottled up in the earth ever since, to be given out again 
now for the use of man.” His son Robert once said of him, 
~My father flashed his bull’s eye full upon a subject, and 
brought it out in its most vivid light,in un instant: his 
strong common sense, and his varied experience operating 
upon a thoughtful mind, wore his most powerful iliamina- 
tora.” 

Mr. Stephenson had onca a conversation with a watch- 
maker, whom he astonished by the extent and minutencea 
of his knowledge as to the parts of a watch. The watch- 
maker knew him to be an eminent engineer, and asked 
him uw ho had acquired so eatensive a knowledge of a 
branch of business so touch out of his sphere. “It is very 
easy to be explained,” taid Mr. Stephenson; “I worked 
jong at watch-cleaning myself, and when I was at a joes, 
J was never ashamed to ask for information.” 

Towards the close of his life he frequently went down to 
Newcastle, and visited the scenes of his boyhood. “I have 
Teen to Callerton,” said be one dey to a friend, “and seen 
the ficlds in which 1 used to pull turnips at twopence a 
day: and many a cold finger, I can tell you, I had.” 

‘His hand was open to his former fellow-workmen whom 
old age had left in poverty. To poor Robert Gray, of 
Newburn, who acted as his brideeman on his marriage to 
Fanny Henderson, he left a pension for life. He would 
slip a five-pound note into the hand of a poor man or a 
widow in much @ way ag not to offend their delicacy, but to 
make them fpel as if the obligation were all on his side 
When Farmer Paterson, who married a sister of George's 
first wife, Fanny Henderson, died and left a large young 
‘family fatherless, poverty stared them in the face. .“Byt 
ye ken,” said our informant, “George struck in fayther for 
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them.” And perhaps the providential character of the act 
eould not have been more graphically expressed than in 
these simple words. 

On his visit to Newcastle, ho would frequently meet the 
friends of his early days, ocenpying very nearly the same 
station, whilst he had meanwhile risen to almost world-witle 
fame. But ho was no legs hearty in his greeting of them 
than if their rolative position had continued tho same. 
‘Thus, one day, ‘aftey shaking hands with Mr. Brandling on 
alighting from his*carriage, he proceeded to shake hands 
with hia conchman, Anthony Wigham, a still older friend, 
though he only gat on the box. 

Robert Stephenson inherited hie futher’s kindly spirit 
and benevolent disposition. Ile almost worshipped his 
father’s memory, and was ever ready to attribute to him 
the chief merit of his own achievementy ax an engjncer. 
“Tt was his thorough training,” we once heard him tay, 
“his example, and his character, which mado mo the man 
Tam” Ona more public occasion ho said, “It iv my great 
pride to remember, that whatever may have been done, 
and however extensive may have been my own cunwotion 
with railway dovelopment, all ] know and all 1 havo dono 
ix primarily due to tho parent whose memory I cherish and 
revere.”* To Mr. Lough, the sculptor, he said he had 
never had but two loves—one for his father, the other for 
his wife. é 

Like his fathor, he was eminently practical, and yet 
always open to the influence and guidance of correct 
theory. His mainwonsideration in laying out his lines of 
railway wes what would best answer the intended purpose, 
or, to use his own words, to secure the maximum of result 
with the minimum of means, Ho was pre-emincntly a safe 
man, ‘because cautions, tentative, and experimental ; fullow- 
ing closely the lines of conduct trodden by his futher, and 
often quoting his maxims. 


‘: ————————— 
* Address 2s President of the Instit=<non of Civil Engineers, Jauunry, 1856 


878 GEORGE STEPHENSON'S POLITICS, Cuar. XIX. 


Tn society Robert Stephenson wae simple, ¢mobtrusive, 
and modest; but charming and even fascinating in an 
eminent dogree. Sir John Lawrence haz said of him that 
he waa, of all others, the man he most delighted to mest in 
England—he was 60 manly, yet gentle, and withal eo 
great. Whiloc admired and beloved by men of such calibre, 
he was equally a favourite with women and children. He 
put himself upon the level of all, and charmed them no less 
by his inexpressible Kindliness of manner than by his simple 
yet impressive conversation. 

Tlie great wealth enabled kin to porfuam many generous 
acta in a right noblo and yet modest manner, not letting his 
right hand know what his left hand did Of the nomerous 
Kindly acts of his which have been made public, we may 
mention the gracoful manner in which he repaid the obliga- 
tions which both himself and his father owed to the 
Newéastle Literary and Philosophical Institate, when 
working together aathumble exporimenters in their cottage 
at Killmgworth The*Institute was strugglirfg under a 
debt of 62001. which seriously impaired its usefulness as an 
eduee tonal agency. Robert Stephenson offered to pay one- 

the sum, provided the local supporters of the Insti- 
tute would raise the remainder; and conditional also on 
the annual subscription being reduced from two guineas to 
one, in order that the usefulness of the institution might be 
extendod. ‘The generous offer was accepted, and the debt 


Both father and son were offered knighthood, and both 
declined it. During the summer of 1847, George - 
eon waa invited to offer himself «a a candidate for the 
repreventation of South Shields in Parliament’ But his 
politics wore at best of a very undefined sort; indeed his 
life had been #0 much occupied with subjects of a practical 
character, that he had scarcely troubled himself to form any 
feoided opinion on the party political topics af the day; 
und to stand the cross fire of the electors on the hustings 
might have been found an even more distrewing ordeal 
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than the orbes-questioning of the barristers in the Commit- 
tee of the House of Commons. “ Politics,” he used to say, 
“are all matters of theory—there is no stability in thom: 
they shift about like the sands of.the eea: and I should 
feel quite out of my element amongst them.” He had 
accordingly the good sense respectfully to decline tho 
honour of contesting the representation of South Shields, 

We have, however been informed by Sir Joveph Paxton, 
that although ‘George Stephenson held no strong opinions 
on political questions generally, thero was one question on 
which he entertained a decided conviction, and that was 
the question of Free-trade. The words used by him on one 
occasion to Sir Joseph were very strong. “ England,” said 
he, “is, and muat be a shopkeeper; and our docka and 
harbours are only so many wholesale shops, tho dvora of 
which should always be kept wide open.” It is curious 
that his son Robert should have taken precisely tho opposite 
view of this question, and acted thrbughout with the moat 
rigid party amongst the protectionlista, supporting the Navi- 
gation Laws and opposing Free Trade, 

But Robert Stephenson will be jndged in after jimes by 
his achievements as an engincer, rather than by his acts 
ag a politician; and happily theso last were far outwoighod 
in value by the immense practical services which ho 
rendered to trade, commerce, and civilisation, through the 
facilities which the railways constructed by him afforded 
for free interoommunication between men in all parts of 
the world. Speaking im the midst of his friends at New- 
castle, in 1850, be observed :— * 

“Tt seems to me bit as yesterday that I was engaged aa 
an gesistant in laying out the Stockton and Darlington 
Railway. Since then, the Liverpool and Manchester and a 
hundred other great work, have sprang into existence. 
As I look back upon theese stupendous undertakings, accom- 
plished in eo short a time, it seems se though we had 
gealised in our generation the fabled powers of the magi- 
ciau’s wand. Hills have been cut down and valleys filled 
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up, and when those simple expedients have fiot safficed, 
high and magnificent viaducts have been raised, and if 
mountains stood in the way, tunnels of unexampled magni- 
tnde have pierced them through, bearing their triumphant 
attestation to the indomitable energy of the natiun, and the 
unrivalicd skill of our artisans.” 

As respects tho immense advantages of railways to man- 
kind, there cannot be two opinions. ‘They exhibit, probably, 
the grandest organisation of capital azd labour that the 
world has yet seen, Althongh they have unhappily occa- 
tioned great loss to many, the loss has been that of 
individuals; whilst, as a national system, the gain has 
already been enormous. As tending to multiply and spread 
abroad tho conveniences of hfe, openmg up new fields of 
industry, bringing nations nearer to each other, and thus 
promoting the great ends of civilisation, the founding of 
the railway system by,George Stephonson and his son must 
be regarded as one of the most umportant eventa,if not the 
very greatest, in the first half of this nineteenth century. 
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